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MINE 


A few recent additions to our stock : 


Beryllonite, 400 specimens, 25c. to $3.50. For description of 
this new and interesting species see this Journal for January. 


Topaz from Japan. Just received direct from Japan, 800 
specimens, including many clear and highly modified crystals, 
some 24 inches in dis imeter, Prices very ‘low, 50c. to $5.00, 


Blue Barite from a new locality in Colorado. Over 300 fine 
specimens. The crystals are of a beautiful blue color. They 
are not surpassed by those of any other locality. 15c. to 
$6.00. 


Descloizite from a new locality in New Mexico. Superb sta- 
lactites of rich velvety druses of crystals of the most brilliant 
shades of red, yellow and brown. 25c. to $3.50. Large and 
magnificent MusEumM specimens, $5.00 to $50.00. 


Vanadinite in barrel-shaped, elongated crystals, grouped like 
pyromorphite from Ems. Small and good specimens only 
10c. to Most interesting to the erystallographer. 


Sphalerite, Calamine, Marcasite, Galenite, etc., from 
Missouri in choice specimens. 


Nearly a ton of fine Copper Minerals just shipped by Mr. 
English, who is now collecting in Arizona. Particulars later. 


The above are but « few of the many additions recently made 
to our stock, which we believe is unquestionably the finest and 
most complete in the U.S. 

We have been adding largely to our stock of minerals for 
blowpipe analysis. We aim to supply the very best material ob- 
tainable. Send for list. College professors are especially urged 
to give us a trial order. 

Illustrative collections of all kinds in stock and to order. Cor- 
respondence solicited. 


Monthly Catalogue free to any address, 


GEO. L. ENGLISH & CO., Dealers in Minerals, 
1512 Chestnut Street, Philadelphia, Pa. 
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Art. XXXVI.—The Electrical Resistance of Stressed Glass; 
by CARL Barvs. 


THE thermal relations of the resistance of glass, originally 
studied by Buff,* have more recently been made the subject 
of research in memoirs by Beetz,+ Foussereau,t Perry,§ Thos. 
Gray,| and others. Warburg’s{ experiments, however, throw 
new light on the inquiry, by showing that the apparent polar- 
ization evoked by the passage of current, is due to a layer of 
non-conducting silica depositing at the anode. If this be con- 
tinually dissolved by an electrode of sodium amalgam, the 
apparent polarization is so far removed that an almost constant 
current may be kept up indefinitely. If the film be not 
™ removed, conduction soon ceases and the glass behaves like a 
4% condenser of measurable capacity. 

5 The effect of temperature on the conductivity of glass has 

) thus been mapped out with considerable detail, and it will be 

} superfluous to add new data in the following paper. I pur- 
pose therefore to confine myself narrowly to the effects of 

* Buff: Lieb. Ann., xc, p. 257, 1854. 

+ Beetz: Pogg: Ann., Jubelband, p. 23, 1874. 

t Foussereau: Journ. de phys., II, xi, p. 254, 1883. 

§ Perry: Proc. Roy. Soc., xxiii, p. 468, 1875. 


| T. Gray: Proc. Roy. Soc., xxxiv, p. 199, 1883. ; 
] Warburg: Wied. Ann., xxi, p. 622, 1884; ib., xxxv, p. 455, 1888. 
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stress* on electrolyzing glass, kept as nearly as practicable at 
different constant temperatures between 100° and 860°. 

2. The apparatus with which most of my definite experi- 
ments were madet are shown in figures 1 and 2, and are differ- 
ential in kind. The resistances across equal parts of the walls 
of two nearly identical glass tubes, respectively stressed and 


Figure 1.—Apparatus Figure 2.—Apparatus 
for 200°. for 100°. 


unstressed, are compared. These tubes are shown at abcF and 
Ekhf. The ends proper are bent hook-shaped ; and those of 
the glass tube to be operated on, fastened by aid of screws and 
cement, between slabs of wood A and &. A is fixed; B pro- 
vided with a hook, ?, from which a scale pan may be hung; 


* Reference may here be made to J. and P. Curie (C. R., xci, pp. 294, 383; xcii, 
p. 350, 1881; xciii, p. 1137, 1881), and to Hankel (Wied. Ann., p. 640, 1881), 
who show that in certain hemihedral crystals longitudinal compression is accom- 
panied by the manifestation of electromotive force. Curie’s very recent work is 
summarized in the Beiblatter, xii, p. 857 to 867, 1888. 

+ The earlier experiments were made with single tubes alternately stressed and 
unstressed, inserted in a simple galvanic circuit. In such a case, however, fluc- 
tuations of temperature often obscured the effect to be observed, beyond recogni- 


tion. Cf. § 7. 
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or with a lever arrangement for twisting. In the experiments 
made the load was gradually increased as far as 20 kg., but the 
tubes were strong enough (theoretically) to sustain about three 
times this weight. The remainder of the figure shows the 
devices for heating and for passing the currents. Figure 1 is 
adapted for high boiling points (aniline, ete.), figure 2 for 
steam. An apparatus similar to figure 1 was used for mer- 
cury. In figure 1, @ is the ebullition liquid, heated by a Gibb’s 
ring burner RR surrounding the wide glass tube dd. A 
narrower glass tube gg, closed below with a perforated -_ 
through which pass the experimental tubes abe and ekh, 
partially filled with sodium amalgam. This is practically one 
terminal of the battery, the wire connecting at p. The other 
terminal, after passing through the respective coils of a differ- 
ential galvanometer, connects at m and J with the sodium 
amalgam contained in the experimental tubes abe and ekh. 

The notation in figure 2 is the same as that in figure 1. The 
two forms of apparatus are essentially identical, except that in 
figure 2 it is expedient to pass steam through dd, the vapor 
entering at S and leaving the apparatus at “S’. For reasons 
stated below, $5, it is desirable that the menisci of the 
amalgam contained in ac and ekhf, tigure 1, be visible above 
the level of the upper cork of the tube dd. The amalgam in 
99, figure 1, should be submerged below the level of G.  Inas- 
much as sodium amalgam is only necessary at the anode, 
ordinary mercury may be used at cathodal parts; and these 
may therefore be exposed to hot air or steam without annoy- 
ances. To summarize: current arriving at m and / passes 
into the sodium amalgam core of the tubes , abe and ekh, thence 
across the walls of the hot parts of these tubes into the mer- 
cury surrounding them, and wd via p back to the battery. 
Regarding other apparatus, ef. § 7. 

3. L commenced work with torsion experiments of which I 
may indicate something here. A battery of 10 Grove cells was 
used and the aniline at G, figure 1, kept both below and at the 
temperature of ebullition, The deflection of each coil alone 
being 16-4, it was found that the differential action (nearly 
zero) could not be modified by twisting more than ‘02. 
Hence the specific electrical effect of twisting can not be 
greater than about ‘1 per cent. The resistances encountered 
in these cases were about 200,000 ohms. Profiting by this 
preliminary experience however I was ultimately able ‘to de- 
tect and measure the effect of torsion on electrolytic conduc- 
tivity, using a different and more sensitive method to be indi- 
cated below, § 7. 

4. In case of traction, the data decisively indicated an 
increase of conductivity proportional to the pull. But this 
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result is necessarily complex in kind, and must be carefully 
scrutinized before its true signification can be stated. I will 
therefore give my experiments in chronological order, the first 
series being made at 185° (aniline), the second at 100° (steam), 
the third series finally at 360° (mercury). 

One remark may be made at the outset: inasmuch as the 
electrical effect of traction is persistant with the traction, and 
is an zncrement of conductivity, it can not be due to tempera- 
ture. For the extension of an elastic solid like glass* produces 
temporary cooling, § 8. 

5. The resistance across the walls of the experimental tube 
at 190° was about 100,000 ohms. In case of intense ebullition, 
the temperature is not fully constant. It is therefore desirable 
to use the apparatus, figure 1, just below the boiling point of 
aniline, and to bring the plane of the ring burner slightly 
below the plane of the ebullition liquid G. Parts of the ap- 

aratus which are not to be heated are screened with asbestos. 
n this way a nearly stationary distribution of temperature is 
reached. 

Under these circumstances, when a weight of 18 kg. is alter- 
nately placed on the scale pan and removed from it by 
mechanism, thus subjecting the tube to periodic pulls of the 
force given, a definite and persistent oscillation of the galvano- 
meter needle ensues synchronously with the period of stress. 
The amount of this oscillation was found to be equivalent to a 
resistance-decrement of 1500 ohms for the stressed tube. In 
other words the effect of the pull of 18 kg. is a diminution of 
the resistance of the stressed tube amounting to about 1°4 per 
cent. These experiments were repeated many times with prac- 
tically the same results, e. g. 


resistance reduced .4 per cent. 
3 1°2 


1°4 


data in which the oscillation of the needle was made the basis 
of comparison. They betray a somewhat wide margin of 
error, because glass at 190° is exceedingly sensitive even to 
trifling changes of temperature. Nevertheless the data are 
sufficient for the present purposes ; and work of a more precise 
character with high temperature vapor baths seemed to me to 
be superfluous. By using a more sensitive galvanometer such 
measurements can be repeated at 100° with facility and much 
greater precision. 

6. The result obtained is clearly a superimposed effect, being 
due in part to the elastic change of dimensions during stretch- 
ing, and in part to the direct action of stress in promoting 


* Cf. Sir William Thomson’s collected papers, vol. i, p. 308. 


P = 15 kg., 

P = 20 kg., 
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molecular break-up. It is therefore necessary to estimate the 
value of the former influence. 

The radii of the tube being p,=*26™ and p,=*19™, the sec- 
tion is about g=1™. Supposing the tenacity of glass to be 
6'5X10° dynes per square centimeter, this tube should bear 
65 kg. Tubes are rarely free from imperfections, such as 
result from insufficient annealing, and it is moreover difficult 
to apply traction in an experiment like the present, without 
some flexural or other strain across the section (tendency to be 
crushed between the slabs, A, B, at the supports for instance). 
Hence I found it practically difficult to strain these tubes with 
more than a pull of about 25 kg., without producing rupture. 
3ut from all this it appears clearly that the longitudinal ex- 
tension produced by 18 kg. is much dJe/ow the maximum for 
the given dimensions and mean strength of tube. 

If the tenacity of glass be 6°510° and Young’s modulus 
55X10", the values given by J. D. Everett,* then the maxi- 
mum longitudinal extension is ‘0012. Again since Poisson’s 
ratio for glass is nearly }, it follows that the corresponding 
radial contraction is about -0008. 

Finally the resistance # of a hollow-cylinder, of length 7, 
radii p, and p,, and specific resistance s, to conduction across 
the walls of the tube is (J/ being the modulus of Brigg’s 


logarithms) ; ; log p,= "3665. log p,/p,. (1). 


To evaluate the resistance effect of elastic change of dimen- 
sions, /2 is to be regarded as a function of 7, », and p,. In 
view of the symmetrical occurrence of the last two variables, 
and if the simplifying relation 409, /,=40p,/p,=01/1, nearly, it 
follows that 
do,/R=—dl /l, where the accent has reference to elastic change. 

Nevertheless radial contraction enters in case of an apparatus 
of the form figure 1, in which decrease of bore during traction 
lengthens the column of mercury contained. If 4 be the length 
of this column before stretching, its length during stretching 
is (1426p, Hence in consequence of 
elongation of the mereury column, 0?”’/2=—(A/21)d0/7, nearly, 
where 7 is the length of the hot part of the column. Hence 
the elastic discrepancy is 

(2). 

In none of my apparatus did 4 exceed 2°5 7. Moreover A is 
always one shank of a U-tube. Therefore ‘003 may be as- 
sumed as a decidedly superior limit of the numeric of equa- 
tion (2). 


* Everett: Units and Phys. Constants, p. 56. These data are reduced from 
Rankine’s ‘ Rules and Tables,” p. 895. 
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Hence in an extremely unfavorable case, the resistance effect 
due to elastic change of dimension (—°30 per cent) is only 
about + of the observ ed effect of traction (—1°4 per cent) pro- 
duced "by a pull much below the tenacity of glass, the said 
pull (18 kg.) being certainly not more than 4 the maximum 
load. Hence these effects are very different, and it follows 
that the decrement actually observed is principally due to 
decreased molecular stability saperinduced by stress. In equa- 
tion (1), s is therefore the variable which chiefly responds to 
the action of stress. 

To obviate the troublesome occurrence of df” / R, the 
column of mercury in most of my experiments was made so 
long as to extend far above the zone of conduction of the 
stretched glass tube (see figure 1). In the apparatus for steam, 
figure 2 , the menisci of the column are advantageously raised 
quite above the cork. In such a case dR" R= 0, and the 
elastic discrepancy is simply /l. 

In one respect this reasoning is deficient. It does not take 
into account the changes of elastic behavior of glass due to the 
heating to 190°. Tabulated constants for this large interval 
are not available.* Hence special cathetometric measurements 
must be made. At 190° this is difficult, and for these and the 
other reasons given above, $5, it is expedient to refer to the 
erty set of measurements at 100°. §6. 

At 100° the results can be made more accurate than the 
Pole chiefly for two reasons. In the first place the tempera- 
ture is easily obtained absolutely constant ; in the second elas- 
tic changes of dimensions can be directly measured with facility. 
In Table I, I have given the results obtained with the appara- 
tus, figure 2. The method of measuring these large resistances 
(glass at 100°) is necessarily chosen more delicate than above. 
I used a high resistance Thomson’s galvanometer read off by 
Hallock’s short range telescope, and adjusted for differential 
work. The needle being practically ballistic in kind, the 
maximum deflections (swing) obtainable by alternately adding 
and removing the loads P, were used for comparison (method 
of multiplication). I then determined the amount of oscilla- 
tion produced by inserting known resistances into one or the 
other coil of the differential galvanometer. Knowing the 
resistance of each tube (mean values) from special and pre- 
liminary measurements, I was able to deduce the percentage 
variation of the resistances of glass across the lines of stress. 
Table 1 contains four series of these experiments, i. e. two 
sets of results for each pair of tubes. 2, the observed electri- 
cal resistance per tube was found to be about 7,500,000 ohms 


* Kohlrausch and F, E, Loomis (this Journ., II, 1, p. 350, 1870), give low tem- 
perature data for metals. 
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per tube, of which the external and internal diameters were 
20,='53™20,="88™ respectively. The table gives the oscilla- 
tions for the divers loads P; the corresponding absolute de- 
crement Of of FR, and the relative value of this decrements in 
terms of 2. 

The amount of variation here given for glass is somewhat 
smaller than was found at 200° above. In the last case, how- 
ever, the data are less accurate, and definite statements can not 
be made. In Table I the values for the 2d apparatus are 
smaller than for the first, a circumstance obviously depending 
on the tubes chosen, but which I will also leave without 
further comment. 


TABLE I.—Resistance of stretched glass at 100°. 


| 
| Maximum 
Tubes. OR 10° x OR/R. Method. 
kg. cm. ohms. | Difterential Galvanometer. 
I and IT 6 1°05 —21000 —2°8 
10 1°63 —33000 —44 
15 2°20 — 44000 —5'8 
19 2°90 —58000 —T7 
IandII | 6 87 —17000 | —22 
10 1°50 — 29000 | —3'8 
15 2°17 e—42000 | —54 
19 2°91 —56000 | —73 
Ill and IV; 6 "29 — 6000 
10 14 | —15000 | —22 
15 1°05 —21000 —31 
III and IV| 6 "33 — 7000 —1°0 
10 “16 — 15000 
15 — 22000 —3°3 
IV 5 | —12 | Bridge. 


This table proves conclusively, that within the given limits 
of variation, the resistance decrement experienced by glass is 
proportional to the applied stress. For the given conditions 
(20, it is as high as 380/10° per kilo stress, and 
is not below 210/10° per kilo stress. Since the section g="10™ 
nearly, it follows that the mean relative variation of resistance 
due to stretching is about 30/10° per gram load, per square 
centimeter of section. Mr. H. Tomlinson* who investigated 
the effect of stretching metals, finds that for steel, iron and 
brass the total variations are only about 1/15 as large as this, 
and of the opposite sign. §11. 

7. When the temperature is sufficiently constant, for instance 
in the case of a steam bath, experiments may be made with a 
single tube. Let a bridge adjustment be so arranged that 


* H. Tomlinson: Proc. Roy. Soc., xxv, p. 451, 1876; id. xxvi, p. 401, 1877. 
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a/b=r/R, where 7 is a known rheostatic resistance, and R 
the resistance of the tube, the current in the galvanometer 
being nearly zero. Then if 07/7 produce the same maximum 
oscillation of the needle as it follows that dr/r=éd R/R. 
An accurate chart or table of 67/7 considered as a function of 
the oscillation is therefore first to be constructed, by aid of the 
rheostat. This being in hand, the value of 0#/R correspond- 
ing to any oscillation produced by alternately adding and re- 
moving the load on the tube, is given at once. This method 
may be made very accurate, and I was able to obtain not only 
traction effects, but torsion effects as indicated by the following 
data. Here 7 is approximately 53000 ohms, # approximately 
5900000 ohms. In ease of torsion, P denotes the load acting 
during the alternate twisting and untwisting. 


TABLE II.—Resistance of stressed glass at 100°. 


Preliminary. | Torsion. | Traction. 


108 x dr/r |Oscillation. P | Oscillation.|108 x 5R/R | Oscillation.| 108 x 


| cm. kg. | em. ke em 
16 35 | 5 | 59 | —213 0 22 
1:89 ‘9 |10| 127 | | 5] 29 —6 
3.77 163 116! 186 | —41 | 101 28 —6 


The traction data d#/# are numerically larger than in Table 
I, and hence lend greater favor to the views just expressed. 
The torsion data 0?/# are of the same sign as the traction 
data. In other words torsion increases the electrolytic resist- 
ance. They are of smaller magnitude than traction data and 
are independent of the load which the tube sustains, so far as 
I could follow them. 


TABLE II.—Longitudinal extension of the tubes, Table 1st. 


Temperature. | Load. L 6L/L 
°C, kg. cm 10-6 x 
16° 2 77°53 0 
6 77°53 0 
10 77°54 130 
15 77°55 260 

100° | 2 | TT58 | 0 Coefficient of expansion *000008 
6 | 7758 | 0 
| 10 | 77°60 | 260 
15 | 77°60 260 

100° 2 0 | 

19 77°59 260 
100° | 2 [| Tdi 0 
19 | 77°60 390 


8. To interpret the above data, special measurements of ex- 
tension are necessary. These are given in Table II]. They were 
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made cathetometrically, and are not intended to give more 
than a safe estimate of the elastic effect in question. The 
glass tube to be examined was surrounded conaxially by a 
second wide tube of glass, through which steam at 100° con- 
tinually circulated. Measurements were also made at 16°. Z 
is the length between fiducial marks. 

Utilizing these values to obtain a superior limit of the elastic 
discrepancy in Table I, it appears that d///<:0004 and 
dp/o< ‘0001, these data being the largest obtained for the largest 
load, 18 kg. Hence by equation (2), —dR’ R<2°5 x :0004= 0010. 
In other words the elastic discrepancy is numerically much less 
than ‘1 per cent of /, whereas the corresponding mean value 
for the traction effect in Table I (apparatus with tubes I and 
II, low menisci) is ‘75 percent. Again for raised menisci 
(Tables I and II, tubes III and 1V),—d 2’ R=d17=-0004. In 
this case the corresponding mean value of the traction effect is 
numerically greater than ‘50 per cent. In both instances it may 
be safely inferred that error introduced by elastic change of 
dimensions is at most about 1/10 of the decrement of resist- 
ance actually observed as the effect of stretching. 

9. I will make a final consideration here, relative to temper- 
ature. The thermal effect of traction is negative, its influence 
on # must therefore be a resistance increment, i. e. opposite 
in sign to the effect observed. Nevertheless, it is desirable to 
obtain some estimate of its value, which will probably be 
found too small for direct measurement. Since /=20 kg. and 
L< +0004, the total energy elastically potentialized per 
linear centimeter during stretching is PdL,Z<10000 ergs. 
Hence, even if all this energy were converted into heat, the 
increase of temperature resulting in case of the given tubes 
(section *10™, density <3, sp. heat <2) would be about 
10*,240x10*; i. e. less than ‘005°. This datum is too small to 
produce serious error even in consideration of the phenomenal 
sensitiveness of hot glass to temperature variations. Estimat- 
ing that the resistance of glass decreases several per cent (5 to 
20) per degree, between 100° and 200°, the thermal discrep- 
aney can not be greater, numerically, than the elastic dis- 
crepancy. 

10. I have now to communicate the data obtained at 360°. 
This case possesses some points of special interest, because the 
differential apparatus is itself a battery, the action of which 
enters in a complex manner. The electrolytes here are the hot 
glass tubes containing amalgam and surrounded by mercury. 
The actual apparatus was a simplified form of figure 1. Figure 
3 presents a clearer diagram of parts, in which @ and 3 are the 
hot glass tubes in question, 2 te battery and JD the differen- 


tial galvanometer. The electrical currents due to £ are indi- 
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cated by the znside arrows; but these currents are considerably 
reénforced by the action of the element sodium amalgam /hot 
glass / mercury, as shown by the arrows crossing the tubes a 
and 6. The electromotive force of this element is easily found 
by reversing the action of Z. In an actual experiment I meas- 
ured NaHg hot glass / Hg=1°4 volts, a datum somewhat 
affected by. polarization and depending for its value on the 
strength of the amalgam and the purity of the mercury. 

Besides this large. electromotive force there is another of 
smaller value, due to the fact that the tubes @ and 6 with 
appurtenances, represent two elements switched against each 
other. The currents are indicated by the owts¢de arrows in the 
diagram, and they are necessarily so cireumstanced as rot to 
flow through the galvanometer @ differentially. Their occur- 
rence is therefore a serious and ¢ annoying disturbance, such that 
measurements at 360° can not, without unreasonable painstak- 
ing, be made with the same accuracy as measurements at gh 
[ measured the electromotive force in question, as about ° 
volt; but it is necessarily variable even as to sign, Bove 
as it does the polarization inconstaney of both elements. 


Figure 3.—Apparatus for 360°. 


Since the resistance of glass near 360° is enormously low 
relative to its value at ordinary temperatures (in some practical 
eases the apparatus showed less than 10U0 ohms), the extran- 
eous electromotive force /' can be withdrawn altogether. The 
present measurements of the electrical effect of traction are 
therefore made with the NaHg / hot glass / Hg element in the 
apparatus, figure 3. Notation being as above Zo, = 538™, 
20,=40, The small resistance at the boiling point is not 
available ; owing to the formation of bubbles at the surface of 
contact between mercury and glass the resistance is tov variable 
even for approximate measuremeut. Hence I observed at a 
lower temperature, encountering somewhat larger resistances P. 


| 
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Even under favorable conditions these data are only quali- 
tatively satisfactory. They are important, however, because 
they indicate that at 300°, the diminution of resistance due to 
traction is not larger in numeric value than at 100°; and since 
this would be the case if the decrements 0# observed were 
due to elastic change of dimensions, I have here in hand addi- 
tional evidence against this assumption. 


TABLE III.—Resistance of stretched glass at 360°. 


| | 
Apparatus. | R oR | 10°xdR/R 
| | 
kg. cm. ohms. ohms. 
I 6 50 13000 —30 —2 
10 “50 —30 —2 
15 “70 —50 —4 
19 “70 —50 —4 
III 6 1:00 17000 —15 —1 
10 1°40 —22 
15 2°00 eee —31 —2 


The present experiments are attended with much annoyance. 
As the load increases, the tube is apt to break in such a way 
as to spill the hot mercury; and with all reasonable care 
several tubes are usually sacrificed before a full series of obser- 
vations can be obtained. 

11. The above paragraphs summarized, prove that a solid 
electrolyte like glass is a better conductor of electricity (i. e. 
manifests smailer specific resistance), when in a state of strain 
(traction, torsion), than when free from strain. Inasmuch as 
the necessary concomitant of conduction in this case is molecu- 
lar decomposition* and recombination, stress of the given kind 
must promote such decomposition. The rate at which molec- 
ular reconstruction occurs per unit of volume increases nearly 
proportionally to the intensity of stress; and it may in case of 
traction carried as far as the limit of rupture of glass amount 
to an increment of one per cent. In case of torsion the effect 
is not much larger than about 1/10 of this; and the increased 
break-up due to torsion is therefore studied with greater difti- - 
culty. The influence of temperature in changing the value of 
the electrolytic effect of stress is not marked. So far as ob- 
served the same pull per unit section does not increase the 
conductivity of glass more at 350° than at 100°, if indeed it 
increases it as much. 


* It is best to avoid the term dissociation here. The term molecular recon- 
struction is used in preference. 
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Again the traction effect in case of electrolytic conduction, 
being a decrement of resistance, is of the opposite sign of the 
traction effect in cases of metallic conduction* (increment of 
resistance). The former is also of decidedly greater magnitude. 
If, therefore, conduction in metals is essentially the same phe- 
nomenont as in electrolytes, then the soft metallic state must 
be singularly well adapted to promote molecular reconstruction. 
This fine adaptation of structure is destroyed by strains of 
dilatation, by heat, by alloying,t ete. In the data given, the 
electrical traction-coefticient, as well as the electrical tempera- 
ture-coefficient (resistance), are similar in sign and in relative 
magnitude, both in metals and in electrolytes. They are posi- 
tive in metals and small, negative in electrolytes and large. 
This is additional evidence in favor of a volume effect dis- 
cussed at some length elsewhere. 

12. The chief result of the present paper is the emphasis 
thrown on the fact that, independently of the passage of cur- 
rent, such a solid as glass must be conceived as undergoing 
spontaneous molecular reconstruction at all temperatures. For 
if the reconstruction in question were superinduced by the 
electric field, then the current passing would vary at a power 
higher than the first of electromotive force; whereas it may 
be taken for granted that currents of the intensity of those 
discussed above, pass through glass in accordance with Ohm’s 
law. Recently J. J. Thomson] among many results of his 
development of the Lagrangian function, investigated an ex- 
pression for the number of times, 7, the electric field is dis- 
charged at any point, in case of conduction through either 
metals or electrolytes. If A be the specific conductivity, K the 
specific inductive capacity of the medium, then n=27fd/K; 
where £ is a coefficient the value of which is less than unity 
and depends on the relative time of destruction and existence 
of the electric field. Accepting provisional values for # and 
K, Thomson computes a table of values for the superior limit 
of n, in cases both of metals and of electrolytes. From this 
table it appears that for mercury for instance, is less than 
8X10". Similar values for the limit of in case of glass at 
the above temperatures of observation, 100°, 200°, 360°, may 
be deduced. In round number the specific resistances of glass 
at the temperatures stated were, in ohms, 10°, 10°, and 5x 10°, 


* Mousson: Neue Schweizer, Zeitschr., xiv, p. 33, 1855; H. Tomlinson: Proc. 
Roy. Soc , xxv, p. 451, 1876; id., xxvi, p. 401, 1877. 

+ J. J. Thomson: Applications of Dynamics to Physics and Chemistry, p. 296; 
Macmillan, 1888. 

This Journal, xxxvi, p. 427, 1888. 

§ Fitzgerald and Trouton (Rep. Br. Assoc., 1886, p. 312) show that electrolytes 
obey Ohm's law accurately. 
| J. J. Thomson: 1. ¢., p. 299. 
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respectively. From this it follows nearly, that for glass at 
100°, n=8X10"; at 200°, n=8x10°; at 360°, n=16x10". 
Thus it is fair to conclude that at temperatures quite as low as 
100° the spontaneous chemical action, i. e. the continuous re- 
arrangement of the molecules of glass is a pronounced occur- 
rence. 

The given value of the frequency of discharge of field, n, 
may be further expressed in terms of the number of molecules 
m, which break up per unit of volume, per unit of time, when 
the number of molecules g per unit of surface, whose disinte- 
gration just discharges the field, and the mean distance, x, over 
which they are urged by the field during the interval between 
break-up and recombination, are known. For n=ma/q; or 
m=n (qg/x). Here # is a very small quantity, not exceeding 
the centimeter numeric of the mean free path of the molecule 
of a gas; whereas gisa very large quantity. Hence m is larger 
than the given value of n, even if the above superior limits 
be 100 times the true value of x. 

These approximate statistics are the nearest exact statement 
for the phenomenon of molecular break-up, which I can ad- 
duce; but they suffice for the present purposes. They show 
that even when glass is practically an insulator, the number of 
active molecules m, considered absolutely is very large; and 
that m need by no means be negligibly small even in com- 
parison with the total number of molecules per unit of volume. 

The above paragraphs prove that the rate at which molecu- 
lar break-up takes place is appreciably greater when glass is 
under stress than when it is not. It is improbable that the 
system will pass from one state of molecular equilibrium to 
another, instantaneously. Hence, since even in case of very 
high resistance, such as that of glass at 100°, the number of 
unstable molecules per unit of volume must still be conceived 
to be very large, it follows that the species of molecular break- 
up in question may be looked upon as a fruitful cause of 
viscous deformation.* 

Phys. Lab. U. S. G. 8., Washington, D. C. 


Art, XXX VII.—On the Formation of Siliceous Sinter by 
the Vegetation of Thermal Springs; by WALTER HARVEY 
WEED, of the U. S. Geological Survey.t 


Iv is a well known fact that hot spring waters often contain 
considerable silica in solution, particularly those issuing from 
volcanic rocks, with which boiling springs are so frequently as- 

* This Journal, xxxvi, pp. 178, 179, 183, 202, 208, 1888. Phil. Mag., V, xxvi, 


pp. 397, 398, 1888, 
+ Published by permission of the Director of the Survey. 
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sociated. Such waters, upon reaching the surface, deposit a 
portion of their burden of silica, as siliceous sinter, forming 
the white platforms, cones, and mounds which are a character- 
istic feature of the three geyser regions of the world. This 
material covers many square miles in the hot spring region 
of the Yellowstone National Park, occurring in beds of con- 
siderable thickness, which are of much geological interest, not 
only as chemical deposits but because they also afford evidence 
of the age of the hydrothermal forces which have played so 
important a part in the later history of the region and to which 
it owes its popular name of “ Wonderland.” 

Although the formation of siliceous sinter has been noticed 
by many observers in connection with geyser and hot spring 
waters in Iceland and elsewhere, it is found that the causes ad- 
vanced to account for the precipitation of the silica from the 
hot waters and its deposition as sinter do not offer a satisfac- 
tory explanation of the origin of many of the deposits of this 
material found about the hot springs of the Yellowstone. 
Such deposits are largely, sometimes wholly, due to a separa- 
tion of silica by the vital growth of the algous vegetation of 
the hot spring waters. The present article is extracted from a 
paper in the Ninth Annual Report of the Director of the Survey, 
in which the work of this vegetable life of thermal waters is 
fully described. 

The conditions governing the stability of a solution of silica 
are but imperfectly known, especially for such complex solu- 
tions as those of the Yellowstone hot springs, however the 
causes producing a separation of silica from these natural waters 
can be grouped under the following heads: 

Relief of pressure. 
Cooling. 

Chemical reaction. 
Evaporation. 

Plant life. 

The first four tend to produce a supersaturated solution 
of silica, and thus to cause its separation. So far as known 
the oniy waters in the Yellowstone Park in which cooling or 
relief of pressure are operative causes are those of the Norris 
Geyser Basin. If a highly heated underground water dis- 
solves more silica from the lavas, whose fissures it traverses, 
than it can retain in permanent solution at the ordinary atmos- 
pheric pressure and temperature, it becomes supersaturated and 
deposits silica upon reaching the surface of the ground. The 
exact amount of silica which can be held in solution by the 
alkaline waters of the Yellowstone and similar hot springs is 
not known. The waters most highly charged with silica are 
those of the Norris Geyser Basin. That of the Opal Spring 
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carries 0°7620 gms. of silica to the kilogram of water, and 
issues with a temperature of 199° F., one degree above the 
theoretical boiling point of pure water at this altitude. This 
water is perfectly clear and without sediment, and remains so 
upon cooling to 35° F. and after standing several days. Yet 
about the spring, sinter is deposited under such conditions that 
evaporation can have but little effect, though it is also deposited 
elsewhere through evaporation. It is possible that in this water 
as in that of the Coral Spring, the influence of the silica already 
deposited causes a separation from water that would not other- 
wise deposit silica. 

Sinter deposition beneath the surface of the water is ex- 
tremely rare among the hot springs of the Park and has never 
been observed at either the Upper or Lower Geyser Basins. 
The waters of the Coral Spring, Norris Basin, containing 0-6070 
grams of silica to the kilogram of water, is opalescent from 
silica in suspension or “pseudo solution,” but does not de- 
posit silica after standing several years in the laboratory, and 
as in other siliceous waters cooling does not affect the silica, 
which only separates out after freezing (crystallization). Yet 
the water deposits silica freely upon the sides and bottom of 
the spring. The constitution of this water, its peculiar opa- 
lescence and the situation of the spring lead to the belief that 
the saturation of the solution is due to chemical reaction be- 
tween an alkaline spring water and acid vapor. This accords 
with the theory of eli regarding the deposition of silica 
by the waters of the Iceland hot springs.* Moreover, in 
such waters there is often a neutralization of the alkaline 
solution by descending acid waters, made acid by oxidation ; 
this is the way in which LeConte and Rising explain the de- 
position of the gelatinous silica of Sulphur Bank, Cal.+ 

That the carbon dioxide of the atmosphere has any effect 
in producing sinter depositiont is disproven by the occurrence 
of free CO, in these waters. 

Evaporation, partial or complete, certainly produces a depo- 
sition of silica from the siliceous waters of the Park, both acid 
and alkaline. It is, according to Bunsen, the only cause pro- 
ducing the deposition of sinter by the geyser waters of Ice- 
land. Though evaporation is certainly an efficient agent, par- 
ticularly in the dry air of the Park, producing some of the most 
beautiful and striking forms of sinter known, yet the deposits 
of the Yellowstone (excepting those of Norris Basin) are but 
partly due to this cause, and as already stated, are chiefly formed 
by a separation of silica by the vegetable life of the hot water. 


* Phil. Mag., xxx, 1847, p. 405. 
+ This Journal. ITI, vol. xxiv, p. 33. 
¢ Roscoe and Schorlemmer, Treatise on Chem., vol. i, p 571. 
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Alge sinter.—This action of plant life consists in the abstrac- 
tion of silica from the hot spring waters, by the vital processes 
of the algous vegetation, and in its deposition as a stiff gelat- 
inous substance, occurring in a great variety of forms. “This 
material, seemingly an inorganic deposit of gelatinous silica, con- 
sists of the siliceous filaments of various species of algze, and 
their slimy envelope. Upon the death of the algze this jelly 
loses part of its water, becoming cheesy in consistency and 
gradually hardening, and with a further separation of silica 
owing to the action of the decaying vegetable matter upon 
the water, it becomes a hard stony mass of sinter. If, however, 
a mass of the algous jelly be removed from the water and 
dried in the sun, it becomes a very light, pinkish material, 
containing about 94 per cent of silica, three to four per cent 
of water and one to two per cent of organic matter, with a 
little alumina—showing it to have the composition of a very 
pure siliceous sinter. 

That vegetable life can exist in highly heated waters is well 
known to botanists. In the Yellowstone springs the maximum 
temperature at which vegetable life has been found is 185° F., 
only 13 degrees below the boiling point at this altitude, and 
algous erowths are very common in the alkaline waters of the 
Gey ser “Basins—forming a brilliant and beautiful feature of the 
springs and their deposits. With rare exceptions the yellow 
and salmon tints of the geyser pools and the reds, orange, 
greens and browns of the hot springs are produced by algous 
vegetation. 

The clearest case of sinter formation by algous life is that 
shown by a species of Leptothrix, forming thick masses of 
jelly, often assuming columnar, and vase-shaped forms, in the 
areas overflowed by the Black Sand, and Emerald Springs, at 
the Upper Geyser Basin. Here we have the conditions most 
favorable for the development of this form, viz: a constant 
volume and temperature of the overflow, and a gently sloping 
surface. Undersuch circumstances the overflow area is first car- 
peted with a membranous algous sheet, the color depending 
upon the temperature. From this flooring warty excres- 
cences grow upward into pillar-like forms of “soft jelly, until, 
reaching the surface of the water, their upward growth ceases, 
and a lateral development results in the formation of a cap, or 
“pileus” upon each pillar. These caps uniting, together with 
the growth of new, and the thickening of older pillars, fill up 
the channel and dam back the water, forming alittle basin. Such 
growths thus form a series of terraced pools, in which the 
alg thrive or die according to the supply and temperature of 
the water. In such basins one can see all gradations from the 
slender spikes of soft jelly to the hard firm sinter into which 
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they pass. The larger columnar and vase-shaped forms result 
from a concurrent life and death of the vegetation, the inner 
layers dying and decaying as the outer coating of living alge 
increases. This results in the formation of a hardened bony 
core, Whose innumerable thin layers correspond to successive 
membranes of alge. A pillar several inches in diameter con- 
sists of such a bony skeleton surrounded by a thin coating of 
green or red jelly. When by reason of changing conditions 
the algze die, a different species of cooler habitat coats the sur- 
face with a fuzzy nap and adds its quota of silica, to which is 
added a further coating of silica by the action of the decom- 
posing vegetation. The granular coating of silica thus formed 
rounds off and obscures the original outlines of the pillar, now 
a hard and solid mass of sinter. This conversion of soft algous 
jelly into stony material is going on in all the cooler pools, 
where the algous growth has itself dammed back the water, 
and diverted the supply. Where the basins are filled with 
algous forms whose tops uniting form a more or less continu- 
ous roof, supported by innumerable little pillars, the dull gray- 
ish surface of the sinter, shows no indication of the nature and 
origin of the sinter beneath, and may serve in turn as the floor 
of a new basin, and new growth. 

Such is the origin of the sinter deposits of Specimen Lake, the 
Emerald Spring, north of the Grand Geyser, and numerous other 
parts of the Upper and Lower Geyser Basins. Similar to this 
in its origin and nature is the sinter, resulting from the growth 
of thick cushions of algous jelly, abundant during the past sea- 
son in the area overflowed by the waters of the Beauty, Soli- 
tary and other springs, a sinter forming the greater part of the 
mound of the Solitary. 

Another form of sinter, quite different from those mentioned, 
but also formed by algous vegetation, is common in all the gey- 
ser basins. It consists of fibrous layers, ;'5 to 4 inch thick, each 
layer resembling a thick and short white fur, and formed by 
the growth of a cedar-red (Calothrix gypsophila), or an olive 
green (Mastigonema thermale) alga—each formed of, and 
encrusted with, silica. 

A bright red alga, Leptothrix ochracea, occurring in hot 
streams at 110° F. to 130° F., forms thatch-like layers of fibrous 
sinter, resembling interlacing straw. This sinter is very abun- 
dant about the Excelsior Geyser, and together with the variety 
last mentioned forms nearly the whole of the sinter platform 
of the Midway Geysers. A section of this plateau, exposed in 
the walls of the great pit of Excelsior, is twelve feet thick and 
shows 24 strata, each one composed of many layers of one variety 
of sinter. In this thickness of twelve feet, ten feet are formed of 
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sinter produced by alge, a striking illustration of the proportion 
of algous sinter of such deposits, while the remaining two feet 
consist principally of the cemented fragments of the same 
varieties of sinter. This preponderance of algous sinter in the 
deposits of all the geyser basins (save the Norris basin), is due 
to the greater rapidity with which it is formed. 

Rate of formation.—Excepting the deposits formed by 
the highly charged waters of the Norris Basin, which deposit 
silica very rapidly, the hot spring and geyser waters deposit 
silica very slowly, by causes other than vegetable life. The 
beaded deposits which characterize the vents of the geysers, 
and to which the name geyserite is most properly applied, are 
formed entirely by evaporation. It is of course difficult to 
make any estimate of the average rate at which such deposits 
are formed about the older geysers. Quite recently, however, 
the development of a quiet “/aug,” a non-boiling spring, into 
a geyser named the Liberty has afforded an excellent opportu- 
nity for the study of the rate of formation of this class of sin- 
ters. A careful examination shows that an average thickness 
of J; of an inch has been formed in the eighteen months’ activ- 
ity of this vent. The laminated sinters about many of the 
springs are less rapidly formed. At the Model Geyser, under 
very favorable conditions for the formation of sinter by evapo- 
ration, i. e., alternate wetting and drying of the surface, a 
deposit formed over a name written upon the surface of the 
sinter nine years ago, and known to be authentic, is but ;4, of an 
inch thick, while more recent names are glazed with a coating 
of silica of extreme thinness. The salmon-colored floor of a 
channel near the Castle geyser is liberally inscribed with names 
of visitors, and although marring the beauty of the deposit they 
furnish a record of the rate at which the sinter forms at this 
place. In this case, moreover, the salmon-pink color is due to 
the presence of a fuzz of algee, so that a coating of +1, to 4, of 
an inch a year, is not due wholly to evaporation. 

The fibrous sinter forming the floor of the channels of Old 
Faithful is composed of layers, whose average thickness is ;'; of 
an inch, separated by lines of dense glassy silica. Each layer 
probably represents a summer’s growth, and the annual thick- 
ness formed at this place can scarcely exceed ;', of an inch. 

The algous jellies, however, grow very rapidly—a thickness 
of four to five inches forming in several months under very 
favorable conditions, and a thickness of 14 inches in 24 months 
by actual experiment. Such jellies, deprived of the necessary 
supply of water, soon harden, and a crust forms on their sur- 
face by evaporation so that a considerable thickness of this 
form of sinter may be produced in a comparatively short time 


by this agency. 
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Moss sinter.—Siliceous sinters formed by i vegetation 
are common at all the geyser basins of the Yellowstone Park, 
but so far as known the only places where mosses produce de- 
posits of siliceous sinter are the Terrace Springs and the 
springs issuing from the slopes west of the Upper Geyser Basin. 
At the latter place the hot waters of the Hillside Springs, flow- 
ing down the steep slopes have deposited their carbonate of lime, 
and lost much of their silica, by the growth of those brilliant 
masses of red jelly, which can be seen when several miles dis- 
tant, coloring the slopes with their brilliant tints. Near the foot 
of the slope, the water now cooled down to 80° F., fills a series of 
terraced basins suggesting those of the Mammoth Hot Spring, 
but covered with a bright green mossy growth. These basins are 
formed of a porous, buff-colored sinter composed of the stony 
forms of the moss covering its surface, which has been deter- 
mined by Prof. Chas. R. Barnes, of the University of Wiscon- 
sin as Hypnum aduncum Hedw., var. gracilescens Br. and 
Sch. Specimens obtained by the writer show the green and 
living moss passing into the hard siliceous sinter—without 
break or interruption. Chemical analysis shows this sinter to 
have the composition of a typical geyserite; it is undoubtedly 
formed by the action of the moss—as the composition of the 
water shows that no silica would be deposited under ordinary 
circumstances. 

In physical character, the sinters resulting from algous vege- 
tation differ from those formed by evaporation or other inor- 
ganic causes by their greater lightness and opacity. They are 
often soft and easily crushed, and sometimes soil the fingers ; 
their structure is readily distinguished from that of other forms 
of sinter. 

Chemical analyses by J. Edward Whitfield of three varieties 
of siliceous sinter from the Upper Geyser Basin are given below. 
The first 1s a geyserite—a beaded deposit formed by the spray 
of the Splendid Geyser; the second an algous sinter from the 
Solitary Spring, the third the sinter formed by the Hypnum 
from the waters of the Asta Spring. 

Geyserite. Alge Sinter. Moss Sinter. 
93°88 89°72 
1°73 1°02 
0°28 
0°23 
0°25 
0°07 
0°16 
tr. 0°18 
7°50 3°37 


100°02 100°33 


100°09 
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The numerous analyses of sinters, made in the Survey Lab- 
oratory, show that those formed by mosses and algous vegeta- 
tion are generally purer than the true geyserite, the latter con- 
taining more or less clay, resulting from particles in suspension 
in the geyser waters. The algous sinter does not differ in com- 
position from the opal sinters produced by the waters of the 
Coral and other springs at the Norris Basin, nor from the 
purer geyserites formed by evaporation. 


Siliceous Sinter from New Zealand. 


Through the courtesy of Prof. F. W. Clarke I have been 
enabled to examine a small collection of New Zealand “ geyser- 
ites” and to compare them with the Yellowstone sinters. The 
specimens are mainly from the hot springs of Rotorua (or 

hinemutu), where the waters, long used by the Maori for 
cooking and bathing, are now utilized for a government sanita- 
rium. 

The collection embraces a number of varieties of sinters: 
true geyserites, formed by the evaporation of spattered drops 
of water; incrustation sinters, resembling a crushed handful of 
hay converted into silica: opal sinter and hot spring sandstones. 

esides these varieties there are two specimens whose struc- 
ture indicates that the algous vegetation of the New Zealand 
waters produces siliceous sinter. These specimens are, however, 
quite unlike; the first resembles the sinter resulting from the 
growth of membranous sheets of red or green alge, a form of 
vegetation resembling certain species of sea-weeds. Such algous 
sheets occur in hot waters all over the globe, and are described 
as “sheets of a slimy confervoid growth” * in the Rotorua wa- 
ters. The sinter is creamy pink, showing a wavy, very thinly 
laminated structure, with occasional vesicular blisters lined 
with red and green patches, presumably the remains of alge. 
It so very closely resembles sinters, whose algous origin is 
known, that a similar origin seems probable. An analysis of 
this specimen is given in the table following. 

The second specimen is quite different in structure, consist- 
ing of several layers of fibrous silica, the fibers all perpendic- 
ular, and resembling a very fine, short and thick white fur. 
This sinter is exactly like the algous sinter forming the floor of 
the channels of the Old Faithful geyser and making one-half 
of the section of 12 feet of sinter exposed in the walls of the 
Excelsior, and there seems no reason for doubting that it has 
been formed in the same way. 

The following analyses of New Zealand sinters have been 


made by Mr. J. Edward Whittield, of the Survey Laboratory. 
* Skey, Trans. N. Z. Inst., vol. x, p. 433. 
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Algous Pulverulent 

Geyserite. sinter? deposit. 

90°28 92°47 74°63 
3°00 2°54 15°59 
0°44 0°79 1°00 
trace 0°15 trace 
6°24 3°99 7°43 
99°96 99°94 99°97 


The first is typical geyserite, undoubtedly an evaporation de- 
posit; the second is the laminated sinter already alluded to. 
The third is a pure white pulverulent deposit resembling a 
block of diatomaceous earth, but composed of impalpable par- 
ticles of glass. Its composition corresponds to that of rhyolite 
(the rock from which the Rotorua waters also issue) with the 
alkalies leached out and replaced by water. 


Summary. 


The study of the origin of the deposits of siliceous sinter 
found in the Yellowstone proves that they are largely formed 
by the vegetation of the hot spring waters. Waters too poor 
in silica to form sinter deposits by any other cause may be ac- 
companied by beds of siliceous sinter formed by plant life. The 
extent and thickness of these deposits establishes the importance 
of this form of life as a geological agent. 

Washington, D. C., Jan. 20, 1889. 


Art. XXXVIII.—Marine Shells and Fragments of Shells 
in the Till near Boston; by WARREN UPHAM. 


[Read before the Boston Society of Natural History, Dec. 19, 1888.] 


THE fossils here described, occurring in drift deposits near 
Boston, and belonging wholly to species that are still living in 
Massachusetts bay, have been previously noticed by several ob- 
servers, who have regarded them as evidence of a marine 
submergence within the Pleistocene or Quaternary period. 
Instead of this, my observations made during the past summer 
and autumn show that these fossils were transported from the 
bed of the sea on the north by the ice-sheet in the same man- 
ner as the materials of the drift, including its bowlders and 
rock fragments, large and small, have been carried various dis- 
tances from north to south, being often deposited at higher 
elevations than the localities from which they were brought. 
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These glacially transported shells and fragments of shells can- 
not therefore be regarded as proof of the former presence of 
the sea at the height where they are found. 

So long ago as during the Revolutionary war a fort was built 
on the top of Telegraph hill, in Hull, near the extremity of the 
peninsula of Nantasket, and a well was dug inside the fort, of 
which the commander, Gen. Benjamin Lincoln, wrote as fol- 
lows.* “There is a large fort on the E. Hill, in which there 
is a well sunk 90 feet, which commonly contains 80 odd feet of 
water. In digging the well the workmen found many shells, 
smooth stones, and different stratas of sand and clay, similar 
to those on the beach adjoining to the hill. These shells and 
appearances were discovered from near the top of the ground 
to the bottom of the well.” 

Again, nearly forty years ago, Dr. William Stimpson col- 
lected fragments of shells, representing fourteen species, from 
the cliffs of drift which form the east and west sides of Win- 
throp Head, or, as it is more commonly called, Great Head on 
the Point Shirley peninsula of Winthrop, then a part of 
Chelsea.t This peninsula has two lenticular hills or drumlins 
of till, namely, Great Head which rises about 100 feet above 
the sea, and another, a third’of a mile farther south, which may 
be more properly called the Point Shirley hill, about 60 feet 
high. It seems clear, from Stimpson’s description of the sec- 
tions where his shells were obtained, that they belonged to the 
higher one of these hills, which at the present time is being 
undermined by the sea. The southern hill, nearer to Point 
Shirley, is not sufficiently high to agree with his description, 
and moreover its eroded eastern cliff is separated from the 
ocean by a low tract of beach gravel and sand 20 to 40 rods 
wide, so that probably within the present century it has not 
presented any freshly exposed section. 

Stimpson also reports that at some little distance from the 
place where he discovered these fossils, the digging of a well 
encountered shells in the drift at a depth of 50 feet below the 
level of high tide. Seventy years ago it was recorded that 
fragments of clam shells had been found 40 feet below the 
surface at Jamaica Plain, and at the depth of 107 feet in dig- 
ging the well at Fort Strong, which was built in 1814 on 
Noddle’s island, now East Boston.t About twenty years ago, 
in digging a well in Fort Warren, on George’s island, shells 

* Geographical Gazetteer of the Towns in the Commonwealth of Massachusetts, 
1785, p. 56. (Only a small part of this work was published.) 

+ Proceedings of the Boston Society of Natural History, vol. iv, p. 9, January 
15, 1851. 


¢ Outlines of the Mineralogy and Geology of Boston and its vicinity, with a 
geological map. By J. Freeman Dana, M.D., and Samuel L. Dana, M.D., 1818. 
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were found 100 feet below the surface and about 40 feet below 
the sea level.* 

An article published last summer by Mr. W. W. Dodge,t 
describing the section of the sea-cliff of Great Head, Winthrop, 
and noting its fossil shell fragments, specially directed my 
attention to this subject. An examination of Great Head and 
of the lower drumlin at Point Shirley convinced me, as before 
stated, that the former was the locality of Dr. Stimpson’s 
earlier and widely known observations. Mr. Dodge also in- 
formed me of the occurrence of similar shell fragments in 
Grover’s cliff on the northeast shore of Winthrop, nearly one 
and a half miles north of Great Head. 

My observations have included these drift sections and others 
in Winthrop, Revere, Chelsea, and thence southwest and south 
around Boston harbor, on several of the islands in the harbor, 
on the peninsula of Hull and Nantasket, and in Hingham, 
Cohasset, and Scituate. In only a small proportion of the 
whole number of sections examined were glacially transported 
shells and fragments of shells cbserved, these being found in 
Grover’s cliff and Great Head, Winthrop, on Long island, 
Moon, Peddock’s and Nut islands, in Quincey Great hill, in the 
drumlin forming the north shore of Hull close northwest of 
Telegraph hill, and in Sagamore Head, which rises from the 
Nantasket beach. All the other sections seen failed to yield 
any trace of organic remains, excepting that scanty fragments 
of lignite were found along an extent of two or three feet in 
the modified drift forming the base of the drumlin of Third 
cliff in Scituate by Prof. Crosby and Mr. Bouvé, who accom- 
panied me in an excursion there. Without doubt, however, 
such transported shell fragments will be found in many other 
drumlins on islands in the harbor and on its eastern and 
southern shores, where they should be looked for in any deep 
section of the till, as in digging wells and in cliffs undermined 
by the sea. 

The area where shells and fragments of shells are known to 
occur in the till has an extent of ten or eleven miles from 
northwest to southeast, reaching from East Boston and Grover’s 
cliff to Sagamore Head, with a width of three or four miles, if 
not more, its eastern limit, which is the open ocean, being at a 
distance of four and a half miles east-northeast and eleven miles 
east-sontheast of Boston. The fossiliferous sections are all in 
lenticular hills of till, like the drumlins of Great Britain, which 
name is now adopted for them. These hills have a very fine 

* Reported by Mr. W. H. Niles in the Proceedings B.S. N. H., vol. xii, 1869, 
pp. 244 and 364. In commenting on this discovery, Mr. T. T. Bouvé read a letter 
pag + ne in Hull, noting similar facts known to him in his own vicinity. 
+ This Journal, III, vol. xxxvi, p. 56, July, 1888. 
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development upon most of the country in the neighborhood of 
Boston, rising with smooth, ovally rounded contour to heights 
from 50 to 200 feet, and have been the subject of several papers 
before this Society.* Approximate elevations of the drumlins 
in which fossils have been found are as follows: Grover’s cliff, 
60 feet above the sea; Great Head, 100 feet; Eagle hill, East 
Boston, 120 feet ; north end of Long island, 75 feet; George’s 
island, 60 feet ; Moon island, 100 feet; north end of Peddock’s 
island, 70 feet ; Nut island, 40 feet; Quincy Great hill, 100 
‘feet ; on the north shore of Hull, 80 feet ; Telegraph hill, 125 
feet ; and Sagamore Head, 65 feet. The cliffs eroded by the 
sea on most of these drumlins extend from 10 or 15 feet above 
mean tide sea level upward very steeply or often in part ver- 
tically to near their tops. 

Excepting Great Head, which contains modified drift near 
its base, to be presently described, these sections consist wholly 
of till or bowlder-clay, the direct deposit of the ice-sheet, un- 
modified by the transporting and assorting action of water. 
Weathering has changed the small ingredient of iron in this 
deposit from the protoxide combinations which it still retains 
in the lower part of the till to the hydrous sesquioxide in its 
upper part for a depth of commonly fifteen or twenty feet 
from the surface, thereby giving to the latter a yellowish color 
in contrast with the darker gray or bluish color of the former. 
Both portions are very compact t and hard till, an intimate un- 
stratified commingling of bowlders, gravel, sand, and clay, and 
seem by these characters, and by their abundant striated bow!- 
ders and smaller fragments of stone, to be distinctly the ground 
moraine of the ice-sheet. The southeast and east-southeast trends 
of the longer axes of the drumlins in this vicinity, coinciding at 
least approximately with the direction of striation of the bed- 
rock, further indicate that these oval hills of till were aceumu- 
lated beneath the ice-sheet, this form being that which would op- 

ose the least resistance to the glacial current passing over them. 

hough the till is destitute of stratification, its materials, coarse 
and fine, from boulders often several feet and occasionally ten 
feet or more in diameter to the finest rock-flour, being indis- 
criminately mixed in the same mass, it yet generally shows an 
obscure lamination in parallelism with the surface, having thus 
in the drumlins an inclination like that of their slopes. This 
structure is best displayed after some exposure of the section to 
the action of the weather. Itseems to be an imperfect cleavage 


* By Prof. N. S. Shaler, Proceedings B. N. H., vol. xiii, pp. 198-203; by 
Prof. C. H. Hitchcock, vol. xix, pp.63-67 ; ‘at by the present writer, vol. xx, pp. 
220-234. Also, see Geology of New Hampshire, vol. iii, pp. 285-309; “The 
Distribution and Origin of “Drumlins,” by W. M. Davis, in this Journal, III, vol. 
xxviii, pp. 407-416, Dec. 1884; and Illustrations of the Earth’s Surface: Glaciers, 
by Professors Shaler and Davis, Plate xxiv. 
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resulting from the enormous pressure of the overlying ice, and 
also indicates that the accumulation of the drumlins took place 
by gradual addition of till over their surface. Only a thin 
layer of englacial till, with its numerous large bowlders, con- 
tained within the ice-sheet and allowed to fall loosely from it 
during its final melting, is observable upon these drumlins, 
its probable thickness in this vicinity being not usually more 
than one or two feet. 

Plentiful fragments of shells, up to one or two inches in 
length and rarely of larger size, are imbedded, like the small 
fragments of rock, in the dark lower portion of the till. They 
were found most abundant in Grover’s cliff, Great Head, Ped- 
dock’s island, and the northern cliff of Hull, one or several 
shell fragments being usually seen on each square yard of the 
exposed surface, so that hundreds may be gathered in an hour. 
In all the localities a single species, the round clam or quohog, 
Venus mercenaria L., makes up probably ninety-nine per 
cent. of the specimens found ; but no entire valve of this shell 
was obtained among the thousands of its fragments. The spe- 
cies next in numbers is Cyclocardia borealis Conrad, which, 
like the foregoing, is thicker and stronger than most species 
and therefore better fitted to resist the grinding action of the 
ice. The smaller size of the latter has enabled some of its 
specimens to escape almost unbroken and with only slight 
abrasion of its margin. In no instance, however, have the two 
valves of this or any other species been found united. Some 
of the fragments show little wearing or none, their broken 
edges being sharp and the markings of their surface perfectly 
preserved ; but the majority are considerably worn, and pieces 
perforated by burrows, like the dead shells cast up on a beach, 
are frequently found. No glacial striation has been detected 
on any of these shell fragments, and indeed it is rarely observ- 
able on pieces of stone of so small size. 

The cliff at the northeast end of Peddock’s island, though 
not showing more of the large fragments than the other locali- 
ties specially mentioned for their abundance, yet far surpasses 
these in its multitude of very small fragments and even minute 
particles of shells, from a quarter and an eighth of an inch in 
length down to the least speck visible to the eye. In one place, 
by no means exceptional, near the base of this cliff, the number 
of these particles and specks of shells, ground up in the process 
of formation and deposition of the till, averaged not less than 
forty to each square foot of the section. This locality, too, is 
the only one where the shell fragments were observed in the 
yellowish upper part of the till nearer to the original surface 
than a depth of ten or fifteen feet. Here small fragments of 
shells, an inch or less in length, were found in considerable 
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numbers to a height only one or two feet below the sod forming 
the surface of the hill and brink of the cliff. The highest were 
in a soft and crumbling condition, and those found thence 
downward in the yellow till show ed a gradation to the hard 
and strong character of the shell fragments in the dark blue 
till. These observations indicate that the transported and bro- 
ken fossils were probably originally as plentiful in the upper 
as in the lower part of this drumlin, and perhaps likewise of 
all the others, but that they have been mostly dissolved out of 
the upper part by infiltrating water. 

Great Head is a typical drumlin, the eastern third of which 
has been eroded by the sea, forming a cliff about 100 feet high. 
This consists of ordinary till, yellow ish above and dark bluish 
below, from its top to within’ 20 or 15 feet above mean tide, 
where its base, exposed a few years ago during the construction 
of a railroad, was observed by Mr. Dodge to be a somewhat 
arched bed of “loose, clean, rather fine gravel filled with small 
fragments of shells. Venus mercenaria and Cardium Islan- 
dicum (?) were the only shells identifiable with any reasonable 
degree of certainty among the fragments.” This was seen to 
be overlain by till, which exhibited traces of an imperfect strati- 
fication close to their line of separation but above is entirely 
unstratified. The till contains fragments of shells up to a height 
of about 80 feet. A similar structure of the drumlins of 
Third and Fourth cliffs on the east shore of Scituate, each of 
which includes extensive anticlinal beds of modified’ drift, 
overlain by a thick covering of tili, and in Fourth cliff also seen 
to be underlain by till and interbedded with it, promises to 
contribute much to our knowledge of the mode ‘of deposition 
of these remarkable drift hills, as I shall hope to show in a 
future paper. 

Following the nomenclature and arrangement of the cata- 
logue of the marine invertebrate animals of the southern coast 
of New England and adjacent waters, by Verrill, Smith, and 
Harger,* the species represented by these fragments of shells 
in the drumlins near Boston are noted in the followi ing table. 

Those marked by asterisks in the first column have been col- 
lected in Grover’s cliff, the most northern section yielding these 
fossils. In the second column are those found in Great “Head, 
mostly by Dr. Stimpson, to whose list Mr. Dodge has added, 
somewhat doubtfully, three species. An hour’s search there 
by Mr. Q. E. Dickerman and myself was rewarded by frag- 
ments of Venus mercenaria, abundant; Mya arenaria and 
Cyclocardia borealis, frequent ; Astarte undata, rare; and a 


* United States Fish Commission, Report of 1871-72. This work and Gould’s 
Invertebrata of Massachusetts give notes of the geographic range of our species, 
living and fossil, and of the situations and depths at which they occur. 
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columella, perhaps of Chrysodomus decemcostatus. In the 
third column are the species found in the cliff of Moon island ; 
in the fourth column, those obtained from the well at Fort 
Warren; in the fifth, those of Peddock’s island; and in the 
sixth, those of the northern cliff in Hull. At the other locali- 
ties only Venus mercenaria was found in the limited time 
available for search. 


List of Species in the Till near Boston. 


to 
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Species. 1 6 


Balanus crenatus, 
Chrysodomus decemcostatus, Say ....-.--..-.-------- 
Urosalpinx cinerea, Stimpson 
Lacuna neritoidea, Gould (?)...............-.--.----- 
Mactra solidissima, Chemnitz ......... 
Cyclooarilia, borealia, Contad .. .. 
Pecten Islandicus, * 


* 


KH KE * 


* 


* 


All these species, which remain from the marine fauna that 
existed before the formation of the last ice-sheet upon this area, 
excepting one whose determination is doubtful, are found 
living at the present time in the adjoining waters of Massa- 
chusetts bay. Stimpson wrote of his collection: “ With the 
exception of Venus mercenaria, I have obtained all of them in 
a living state by dredging within a mile of the locality where 
they are now found fossil.” Nor are any noteworthy differ- 
ences observable between these fossils and the living shells, 
excepting that the Venus mercenaria belongs, like most of the 
fossils of this species in Sankoty Head, Nantucket, to the very 
massive and strongly sculptured form, probably not to be re- 
garded as a distinct variety, which still survives in the waters 
of Nantucket.* 

Four species in this list attain their southern limit at Cape 
Cod; and one, Tapes fluctuosa, is not reported south of Nova 
Scotia and the F at Banks. The remaining sixteen have a 


* This Journal, III, vol. x, 1875, pp. 369, 371. 
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range beyond Cape Cod. In northward range, five extend only 
to the Gulf of St. Lawrence; and three of these, namely, 
Orosalpine cinerea, Venus mercenaria, and Ostrea Virginiana, 
occur only in isolated colonies north of Massachusetts bay. 
Another, Astarte castanea, has its northern limits on the coast 
of Nova Scotia and at Sable island; while the burrowing 
sponge, Cliona sulphurea, is not reported beyond Portland. 

ourteen are more boreal, of which four continue to Labrador, 
and ten to the Arctic ocean. 

The great abundance of the round clam, Venus mercenaria, 
which is now scarce in Massachusetts bay but plentiful south 
of Cape Cod, indicates that the sea here during part of the 
epoch just preceding the last glaciation was warmer than at the 
present time.* Similarly, the colonies of this and associated 
southern species, scattered here and there northward to the 
Bay of Chaleurs, are evidence that since this last glacial epoch 
the sea has been again warmer than now along this coast, per- 
mitting these species to advance so far to the north. The in- 
termingling of characteristic southern and northern forms in 
this assemblage of fossils from the till seems to be readily 
accounted for by the gradual refrigeration of climate which 
culminated in the formation of the ice-sheet. Before that time 
the round clam or quohog and other shells of chiefly southern 
range were doubtless succeeded by a wholly boreal and arctic 
marine fauna. In the Pleistocene beds containing fossil shells 
on Gardiner’s island+ and at Sankoty Head,t which are refer- 
able to the same epoch with these near Boston, namely, the 
interglacial epoch preceding the latest glaciation, the round clam 
occurs in abundance; but it has not been discovered fossil 
north of the sections here described, which indeed are the most 
northern yet found in northeastern America holding fossils of 
interglacial age. It has not been found in the plentiful fauna 
of the marine beds of modified drift deposited in southern 
Maine during the departure of the last ice-sheet, nor in the 
scantily fossiliferous continuation of these beds southward to 
Portsmouth, Gloucester, and Cambridge. 

Nearly all the species of our list inhabit the shore or shallow 
water, from low tide to the depth of a few fathoms, though 


* From the same evidence and the occurrence of other species elsewhere in the 
Pleistocene deposits of the eastern United States north of their present range, 
Desor announced in 1847 to the Geological Society of France (Bulletin, vol. v, p. 
91) and in 1852 in this Journal, (II, vol. xiv, pp. 52, 53) that a warmer 
climate then prevailed throughout this whole district. 

+ Sanderson Smith in Annals of the Lyceum of Natural History of New York, 
vol. viii, 1867, pp. 149-151; F J. H. Merrill in Annals of the New York Academy 
of Sciences, vol. iii, 1886, p. 354, with sections on Plate xxvii. 

¢ Desor and Cabot in Quarterly Journal of the Geological Society, London, vol. 
v, 1849, pp. 340-344, partly quoted by Packard in Memoirs B. 8S. N. H., vol. i, 
pp. 252-3; Verrill and Scudder in this Journal, III, vol. x, 1875, pp. 364-375. 
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some of these also range downward to considerable depths. 
Three, of which two are doubtfully determined, are probably 
restricted to comparatively deep water; but even these are 
often cast ashore in severe storms. Considering the outlines 
of our eastern coast and the direction of the motion of the 
ice-sheet, it seems probable that these fossils were living along 
the shore and in the shallow edge of the sea on the area be- 
tween the mouths of the Charles and Saugus rivers. In that 
interglacial epoch the drumlins of this district had not been 
accumulated, and the greater part of Chelsea, Revere, and 
Winthrop, formed of these and other deposits of glacial and 
moditied drift, may then have been sea of similar depth with 
the present harbor of Boston or the part of Massachusetts bay 
between Winthrop and Nahant. From this tract the south- 
easterly moving ice-sheet, plowing up the marine beds and 
their inclosed shells, with those then tenanting the sea, carried 
them forward to form a portion of the till of the drumlins. 
That the sea-bottom from which these shells were derived had 
been shallow is evident from the predominance of the round 
clam, which, according to Professor Verrill, is seldom found 
in any abundance below five fathoms. 

Glacially transported shells and fragments of shells have 
been previously observed in till at Brooklyn, N. Y., where E. 
Desor and W. C. Redfield gathered fragments of the round 
and long clams, oyster, and other species, “imbedded in a 
reddish loam intermixed with pebbles and bowlders, many of 
which are distinctly scratched ;’* and in till, or at least de- 
posits of clay enclosing numerous stones and bowlders, on the 
lower part of the St. Lawrence river, from the vicinity of 
Quebec northeastward more than a hundred miles, chiefly on 
the southeastern shore, to opposite the mouth of the Saguenay.+ 
But the descriptions of these beds containing shells and bow]- 
ders on the St. Lawrence indicates that they were mostly, if 
not altogether, deposited by water with floating ice during the 
recession of the ice-sheet, while these marine shells lived where 
they are now found, being thus comparable with the fossilifer- 
ous, bowlder-bearing brick-clay of Paisley, Scotland.t In the 
modified drift forming Cape Cod, derived from the melting 
ice-sheet in which it had been contained, I collected ten years 
ago fragments representing sixteen species of shells, all now 
living, eight of which appear also in the foregoing list.§ 

* Bulletin de la Société Géologique de France, second series, vol. v, 1847, pp. 
89, 90; Quart. Journ. Geol. Soc., vol. v, p. 343; Am. Jour. Sci., I, vol. xiv, 1852, 
Ol, 

; ra W. Dawson’s Notes on the Post-pliocene Geology of Canada, 1872, pp. 7, 
45, and 50-53. 

¢ T. F. Jamieson in Quart. Journ. Geol. Soc., vol. xxi, 1865, pp. 175-177. 
: § American Naturalist, vol. xiii, 1879, p. 560. 
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Looking over the various lists of Pleistocene fossils found 
on Gardiner’s island and in Sankoty Head under the drift of 
the last ice-sheet, in these drumlins of till near Boston, and in 
the modified drift of the glacial recession thence northward to 
Maine, New Brunswick, and the valley of the St. Lawrence, 
we cannot fail to be surprised that all these are still living in 
the adjoining ocean to-day. So recent was the glacial period* 
that none of them has become extinct, nor, with very rare ex- 
ceptions, undergone any noteworthy change in form or size. 
But the vicissitudes to which they were exposed during the last 
of our two principal glacial epochs, when the ice-sheets east of 
the Alleghenies advanced farther than in the earlier glaciation, 
were doubtless well adapted to cause both extinctions and mod- 
ifications of species. How vast then must be the duration of 
the time occupied in the evolution of the complex faunas and 
floras of our globe, and in the formation of all the fossiliferous 
groups of rocks since the dawn of terrestrial life ! 

In various parts of Great britain such transported Pleisto- 
cene shells are found in the till, both in its low and smooth 
tractst and in its hilly and knolly terminal moraines traced by 
Professor Lewis, as well as in the associated kames.t Some of 
these fossiliferous glacial deposits occur in Ireland, northern 
Wales and northwestern England at heights 1,100 to 1,350 feet 
above the sea, and have been generally considered as proof of 
marine submergence to that depth. Instead of this, Lewis has 
shown§ that the shells and fragments of shells found there 
were brought by the currents of the confluent ice-sheet which 
flowed southward from Scotland and northern Ireland, passing 
over the bottom of the Irish sea, there plowing up its marine 
deposits and shells, and carrying them upward as glacial drift 
to these elevations, so that they afford no testimony of the for- 
mer subsidence of the land. This removes one of the most 
perplexing questions that glacialists have encountered ; for no- 
where else in the British Isles is there proof of any such sub- 
mergence during or since the glacial period, the maximum 
known being 510 feet near Airdrie in Lanarkshire, Scotland.| 
At the same time the submergence on the southern coast of 
England was only from 10 to 60 feet, while no traces of raised 

* Compare Proceedings B. S. N. H., vol. xxiii, 1887, p. 446. 

+ Geikie’s Great Ice Age, second ed., pp. 164-185, and 337-340. 

¢ Quart. Journ. Geol. Soc., vol. xxx, 1874, pp. 27-42; xxxiv, 1878, pp. 383-397; 
xxxvi, 1880, pp. 351-5; xxxvii, 1881, pp. 351-369; and xliii, 1887, pp. 73-120; 
also, Geological Magazine, II, vol. i, 1874, pp. 193-197. 

§ Report of the British Association for Adv. of Sci., Birmingham, 1886, pp. 
632-635; Am. Naturalist, vol. xx, pp. 919-925, Nov., 1886; this Journal, III, 
vol. xxxii, pp. 433-438, Dec., 1886. Also, see the American Geologist, vol. ii, pp. 
371-379, Dec., 1888. 

| Quart. Journ. Geol. Soc., vol. vi, 1850, pp. 386-8; xxi, 1865, pp. 219-221. 

J Quart. Journ. Geol. Soc., xxxiv, 1878, pp. 454-7; xxxix, 1883, p. 54. Geol. 
Mag,, II, vol. ii, 1875, p. 229; II, vi, 1879, pp. 166-172. 
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beaches or of Pleistocene marine formations above the present 
sea level are found in the Shetland and Orkney islands.* 

The occurrence of transported marine fossils in the till near 
Boston shows that during the epoch preceding the latest glacia- 
tion the North American coast in this latitude was not higher 
than now in relation to the sea; for in that case no marine de- 
posits and shells would have existed here to be eroded by the 
southeasterly moving ice-sheet and incorporated in its drift ac- 
cumulations. Conversely, we know that the land then was not 
appreciably lower than now, in other words, that there was no 
considerable submergence of the border of our present land 
area; for this would have led to the intermingling of such 
broken sea-shells with the glacial drift farther inland, where 
no trace of themisfound. So it appears that the relative levels 
of land and sea here were closely the same before the last 
glacial epoch as at the present time. 

The chief element of my interest in this subject has been a 
hope that its bearing thus on the oscillations of land and sea 
during the Quaternary period would contribute to the solution 
of the question whether the northward ascent of the beaches 
of the glacial Lake Agassiz, assigned to me for investigation 
in the United States Geological Survey, is to be explained 
mainly by northward attraction of the water of that lake in 
gravitation toward the ice-sheet, or mainly by a depression of 
the earth’s crust beneath the vast weight of the ice and its re- 
elevation when the weight was removed. In this study of our 
Atlantic coast, I have therefore sought to connect these obser- 
vations near Boston with the allied evidence supplied by other 
Pleistocene marine fossils both south and north of our latitude. 
Some of the conclusions to which this correlation seems to 
lead I will endeavor to state briefly. 

As before noted, it is only toward the south that we find 
Pleistocene fossiliferous beds antedating the last epoch of 
glaciation, when an ice-sheet covered all New England. They 
occur in Sankoty Head and on Gardiner’s island at elevations 
respectively about 30 and 15 feet above the sea, and in numer- 
ous localities on Long Island from the sea level up to eleva- 
tions of about 200 feet. But at least the higher of these beds 
appear to have been “ upheaved by the lateral pressure of the 
ice-sheet and thrown into a series of marked folds at right 
angles to the line of glacial advance,” as shown by Merrill ;+ 
and he finds that this uplifting and folding is also very distinctly 
seen in the strata underlying the glacial drift on Gardiner’s 
island, so that the fossiliferous layer there, though raised little 
above the sea level, is probably higher than its original position. 

* Quart. Journ. Geol. Soc., xxxv, 1879, p. 810; xxxvi, 1880, p. 663. 


+ Annals of the New York Academy of Natural Sciences, vol. iii, 1886, pp, 
341-364, with sections and map. 
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To such glacial thrust and uplifting I would attribute likewise 
the tilted condition of the beds forming the base of Sankoty 
Head and the elevation of the included layers of shells. More 
than this, I believe that the same cause will account for the 
elevation and folding of the wonderful section of steeply in- 
clined Miocene strata which underlie the terminal moraine in 
Gay Head.* It may well be true, therefore, so far as paleonto- 
logic evidence can inform us, that this part of our coast, ex- 
tending south to the farthest limit reached by the continental 
ice-sheet, held approximately the same relation to the sea level 
in preglacial and interglacial time as now.t During the final 
melting of the ice-sheet, however, the land was higher, or, as I 
would prefer to say, the sea was lower than now, as is shown 
by channels of drainage, which extend southward from the 
terminal moraines across the bordering plains of modified drift 
of Long Island, Martha’s Vineyard, Nantucket, and Cape Cod, 
continuing beneath our present sea level.t Nor have we any 
proof in marine beds overlying the glacial drift that the sea 
there has stood higher than now at any time since the glacial 
period. 

Near Boston and northeast to Cape Ann the coast seems to 
have been submerged to a slight depth, probably not exceed- 
ing 10 to 25 feet, when the ice-sheet retreated from this area.§ 
In New Hampshire this submergence amounted to 75 feet or 
more, and the fossils in the marine beds overlying the glacial 
drift, being partly of arctic and partly of temperate range, 
show that the severe climate of the glacial period was gradually 
changed until the ocean became as warm as now before it 
sank to its present level.| After this the ocean within recent 
times has held even a somewhat lower level than at present, 
and seems to be now very slowly rising upon this shore and in- 
deed along the entire coast from New Jersey to the Gulf of 
St. Lawrence, as is shown by submerged stumps of trees in 


* Hitchcock’s Geology of Massachusetts, 1841; Lyell’s Travels in North Amer- 
ica in 1841-2, vol. i, pp. 203-6. 

+ The fossils in South Marshfield and Duxbury, Mass., which I once referred to 
the Pleistocene (Am. Naturalist, vol. xiii, p 557), extend back to the Miocene in 
the Southern States, and seem more probably to be of similar age with the beds 
of Gay Head (Hitchcock’s Geology of Mass., 1833, pp. 199-201; do, 1841, pp. 
91, 427). 

¢ This Journal, IIT, vol. xiii, 1877, pp. 142-146, and 215; vol. xviii, 1879, pp. 
89, and 198-205. Am. Naturalist, vol. xiii, 1879, p. 553. 

§ Evidenced by layers of shells of the common or long clam, mussel, oyster, 
and other species at Lechmere Point in Cambridge (Outlines of the Mineralogy 
and Geology of Boston, before cited, p. 96), and by fossils discovered by Profes- 
sor Shaler at Gloucester, Mass. (Proceedings B.S. N. H., vol. xi, 1868, pp. 
27-30). In the same notice with the former of these localities, the authors men- 
tion a stratum of clam shells, observed on the side of a hill in Cambridge at the 
distance of a half mile from the Charles river, which seems from its description 
to be probably an aboriginal kitchen-midden. 

| Geology of New Hampshire, vol. iii, pp. 165-7. 
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many localities, rooted in the ground where they grew, and by 
tracts of marsh and peat-swamps covered by the sea.* During 
part of the time of lower level of the sea, its temperature was 
apparently warmer, as indicated by the range of Venus mer- 
cenaria with other southern species northward to the Gulf of 
St. Lawrence, though now it is wanting along most of the 
shore of Maine, the Bay of Fundy, and Nova Scotia. 
Proceeding from Boston toward the north and northwest, 
the elevation of fossiliferous marine beds lying on the glacial 
drift increases to about 225 feet in Maine, about 520 feet in 
the St. Lawrence valley at Montreal, and 440 feet at a dis- 
tance of 130 miles west-southwest of Montreal; but eastward 
along the St. Lawrence it decreases to 375 feet opposite the 
Saguenay, and does not exceed 200 feet in the basin of the Bay 
of Chaleurs, while these marine deposits are wanting in Nova 
Scotia and Cape Breton island.+ The changed condition in 
the relative heights of land and sea at the time of the recession 
of the ice-sheet thus caused the land to be submerged in in- 
creasing amount northwestward from a line drawn through 
Nova Scotia, Boston, and New York. This condition, due 
probably in part to depression of the land and in part to up- 
lifting of the sea level by gravitation, seems to have been 
eaused by the ice-sheet, which had its greatest thickness, esti- 
mated by Dana to be not less than two miles, on the highlands 
between the St. Lawrence and Hudson bay, where its influ- 
ence to produce such changes of level would be greatest. The 
submergence seems to have been more than can be wholly at- 
tributed to gravitation of the sea toward the ice-sheet ;t but it 
is much less than would be expected for agreement with the 
views advanced by Jamieson§ and Shaler,| that the ice-sheet 
must depress the earth’s crust to a vertical extent approximately 
measured by a thickness of rock equal to the ice in weight. 


* Outlines of the Min. and Geol. of Boston, p. 95; Memoirs B.S. N. H., vol. 
i, p. 324; Quart. Journ. Geol. Soc., vol. xvii, 1861, pp. 381-8; Geol. of N. H., 
vol. iii, p. 173; J. W. Dawson’s Acadian Geology, third ed., 1878, pp. 28-32, and 
Supplement of do., pp. 13-17. 

+ A. S. Packard, jr., in Memoirs B. 8S. N. H., vol. i, pp. 231-262. J. W. Daw- 
son in Notes on the Post-pliocene Geology of Canada; and Am. Jour. Sci., ITI, 
vol. xxv, 1883, pp. 200-202. OC. H. Hitchcock in Proc., Amer. Assoc. for Adv. of 
Sci., Portland, 1873, vol. xxii, pp. 169-175; Geol. of N. H., vol. iii, pp. 279-282; 
and Geol. Mag., II, vol. vi, 1879, pp. 248-250. R. Chalmers in Transactions of 
the Royal Society of Canada, sec. iv, 1886, pp. 139-145. 

¢ Sixth Annual Report U.S. Geol. Survey, 1885, pp. 291-300. 

§ Quart. Journ. Geol. Soc., vol. xxi, 1865, p. 178. Geol. Mag., II, vol. ix, Sept. 
and Oct., 1882; and III, vol. iv, Aug., 1887. Algo, see Fisher's Physics of the 
Earth’s Crust, and Geol. Mag., II, ix, p. 526. 

|| Proceedings B. S. N. H., vol. xii, 1868, pp. 128-136; and xxiii, 1884, pp. 
36-44. Memoirs B.S. N. H., vol. i, 1874, pp. 320-340. Am. Jour. Sci. III, vol. 
xxiii, 1887, pp. 210-221. Lowell Lectures, Nov. and Dec., 1888. 
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Besides the testimony of marine fossils, one further obser- 
vation contributes greatly to our knowledge of the relation of 
land and sea on the south side of Massachusetts bay while this 
area was enveloped by the continential glacier. On the shore 
_ of a peninsula in Cohasset Little Harbor, fifteen miles south- 

east of Boston, pot-holes similar to those of water-falls on 
rivers are found in two localities, reaching from sea level to a 
height of fifteen feet. The contour of their vicinity precludes 
the possibility of referring their origin to any stream since the 
close of the glacial period ; and they must doubtless be attrib- 
uted to the action of a water-fall plunging down hundreds of 
feet through a moulin of the ice sheet.* To Mr. Bouvé, long 
the president of this Society, belongs the honor of first observ- 
ing these pot-holes and appreciating their significance. It was 
under his guidanee that my visit to them was made ; and it is 
with his permission that I speak of them here, previous to the 
detailed description which he will later present before the 
Society. Such water-wearing of the bed-rock could not take 
place beneath the sea level, so that they prove that here during 
a part, probably the later part, of the time when this area was 
covered by the ice-sheet, the land stood at least as high as now, 
not being depressed under its vast weight. 


Art. XXXIX.—A Platiniferous Nickel Ore from Canada ; 
by F. W. CLARKE and CHARLES CATLETT. 


DvurtnG the autumn of 1888 we received, through two dif- 
ferent channels, samples of nickel ores taken from the mines 
of the Canadian Copper Co. at Sudbury, Ont. From one 
source we obtained two masses of sulphides, to be examined 
for nickel and copper; from the other source came similar sul- 
phides, together with a series of soil and gravel-like material, 
seven samples in all. In the latter case an examination for 
platinum was requested, and in five of the samples it was 
found, the gravel above mentioned yielding 74°85 oz. of met- 
als of the platinum group to the ton of 2000 Ibs. At the out- 
set of the investigation we were decidedly incredulous as to the 
existence of platinum in such ores; but the discovery of sper- 
rylite by Mr. Wells in material from the same mines gave our 
work a wholesome stimulus, and the assays were carefully car- 
ried through. 

The sulphide ores submitted to us from Sudbury were all of 
similar character. They consisted of mixed masses, in which 
a gray readily tarnishing substance was predominant, with 


* Compare Quart. Journ. Geol. Soc., vol. xxx, 1874, pp. 750-771. 


Clarke and Catlett—Nickel Ore from Canada. 378 


quartz. Two samples were examined in mass ; one gave 31-41 
per cent of nickel with a little copper, the other gave 35°39 
per cent of nickel and 5:20 of copper. The nickel mineral 
itself proved to be a sulphide of nickel and iron, and as ores 
of that composition are not common, it was thought desirable 
to examine the substance further. 

As above stated, the nickel mineral is the predominating 
constituent of the masses submitted for examination. It is 
steel-gray, massive, and exceedingly alterable in the air, and its 
specific gravity, determined by pycnometer, is 4541. An 
analysis of carefully selected material gave the following re- 
sults : 


some chalcopyrite, possibly some pyrite, and a very little 


41°96 
15°57 
1°02 
62 
40°80 

99°97 


Neither cobalt nor arsenic could be detected. 

The foregoing figures work out sharply into the ratio 
R:S::4:5; and approximately into the formula Ni,FeS,. If 
we deduct silica, together with the copper reckoned as admixed 
chalcopyrite, and recalculate the remainder of the analysis to 
one hundred per cent we have the following figures: 


As found. Cale. as Ni;FeS;. 


43°18 44°6 
41°35 41°0 

100°00 100°0 


In short, the mineral has the composition Ni,S,, with about 
one-fourth of the nickel replaced by iron. The only known 
species with which this agrees is Laspeyres’s polydymite, of 
which the Sudbury mineral is evidently a ferriferous variety. 
What relations it may bear toward beyrichite, pyrrhotite, ete., 
is as yet a matter of considerable uncertainty. Probably in 
most cases the niccoliferous constituent of pyrrhotite is mill- 
erite, but other sulphides, like the polydymite, may perhaps 
occur also. 

The polydymite which was selected for the above analysis 
came from the mass in which, in average, 35°39 Ni and 5-20 
Cu had previously been found. The mass weighed several kil- 
ograms, and was remarkably free from quartz. The same 
mass, with two smaller pieces resembling it, were also examined 


874. C.D. Walcott—Position of the Olenellus Fauna. 


for platinum, by the following method: One assay ton of the 
finely ground ore was treated with nitric acid until all or prac- 
tically all of the sulphides had been dissolved. The dried 
residue was then assayed in the usual manner; except that, to 
facilitate cupellation, a little pure silver was introduced into 
the lead button. From the final bead the silver was dissolved 
out by sulphuric acid, leaving the platinum in a finely divided 
gray powder. The latter dissolved easily in aqua regia, and 
gave all the reactions needful to identify it thoroughly. The 
results were as follows, “A” representing the large mass in 
which the polydymite was determined. . 


, 2°55 oz. Pt to the ton, or 0°0087 per cent. 

That the metal weighed was nearly all platinum is certain ; 
but it may have contained small amounts of other metals of 
the same group. The material separated was not sufficient to 
warrant a search for the rarer associates of platinum. Probably 
the platinum exists in the ore as sperrylite, although this point 
was not proved. The amount of platinum in the mass most 
thoroughly examined would require, to form sperrylite only 
about 0:007 per cent of arsenic, which is too small a quantity 
for detection by ordinary analysis. That platinum should exist 
in appreciable quantities in an ore of such character is some- 
thing quite extraordinary. Whether it could be profitably ex- 
tracted is an open question. 

Washington, Feb. 2, 1889. 


XL.—Stratigraphic Position of the Olenellus Fauna 
North America and Europe; by Cuas. D. Watcort, 
of the U. S. Geological Survey.* 


In reviewing the history of American opinion on the succes- 
sion of the Cambrian faunas, we find that the first systematic 
arrangement of the terranes containing them was made by Sir 
William Logan, on the basis of the paleontological determina- 
tions of Mr. E. Billings. Ina table published on page 46 of 
the report of the Geological Survey of Newfoundland for 
1864, the order of succession of the Lower members of the 
series is : 

3. Upper Porspam. 
2. LowEr Porspam. 
1, St. Jonn’s Grovp. 


* Read before the Philosophical Society of Washington, March 16, 1889. 
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In commenting on the table the author (Logan) said: “ It 
thus appears that the lower portion of the series is complete in 
Newfoundland, and the upper in New York and Central Canada. 
Divisions 3, 4 and 5 have not yet been recognized in the EKast- 
ern continental region. The St. John’s group, 1, is represented 
at St. John, New Brunswick by 3,000 feet of black slates and 
sandstones, whose fauna, described by Mr. Hartt, was correctly 
referred by him to Et tagé C of Barrande’s Primordial zone. 
It there reposes on older schistose rocks, as yet unstudied, but 
by Messrs. Hartt and Matthew designated as Cambrian. 

“The slates of St. John, New Brunswick, Newfoundland, 
and the Paradoxides beds of Braintree, Massachusetts, also 
probably belong to the same horizon. 

“The Lower Potsdam, 2, is represented by several hundred 
feet of limestones and sandstones on the Straits of Belle Isle, 
and on White Bay, Newfoundland, and by the slates of St. 
Albans and Georgia, ecg 

“The Upper Potsdam, 3, is that of Wisconsin and Min- 
nesota, represented in the typical Potsdam of New York, 
which is overlaid by the Lower Calciferous, 4, while the Upper 
Calciferous, 5, is only recognized in the Northern peninsula of 
Newfoundland.”* 

This order of succession was accepted and adopted by Amer- 
ican geologists while no stratigraphic evidence appeared that 
negatived it. It was not questioned until the work of the 
Swedish geologists showed that Olenellus Kjerulfi occurred 
beneath the Paradoxides zone in Sweden; then it became 
probable that the American Olenellus fauna was of a similar 
age and hence older than the Paradoxides fauna. 

Mr. 8S. W. Ford adopted the classification of Billings and 
Logan, and argued from the embryonic phases of growth of 
Olenellus asaphoides that the species showed a genetic relation 
to Paradoxides and succeeded it in time—a view in which I 
concurred at a later date+ Mr. Ford held that Olenellus 


Kjerulfi was a true Paradoxides, allied to P. Olandicust and, 
on the report of Mr. Matthew§ that he had found the species 
in America, decided that it, 0. Kjerulfi, belonged to the Me- 
nevian fauna. 

Mr. G. F. Matthew has studied the Paradoxides fauna of 
America with more thoroughness than any other paleontologist 
and he has concluded from the paleontological evidence that it 
preceded the Olenellus fauna.| In the introduction of the 


* Bull. U. 8. Geol. Survey, No. 30, p. 64, par. 141. 
+ Bull. U. 8. Geol. Survey, No. 30, 1886, p. 166. 
¢ This Journal, III, vol. xxxii, 1886, pp. 473-476. 
§ This Journal, III, vol. xxxi, 1886, p. 472. 

|| Canadian Record Sci., vol. iii, 1888, pp. 71-81. 
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Second Contribution to the Studies on the Cambrian faunas of 
North America,* there was given a description of the typical 
geologic sections of the Cambrian System, and the order of 
succession of the faunas contained in their strata as then known. 
A diagramt+ was introduced to show the correlation of the sec- 
tions and the order of successions of the three sub-faunas into 
which the Cambrian fauna was divided. The first and oldest 
was the Lower Cambrian or Paradoxides fauna; the second, 
the Middle Cambrian or Olenellus fauna, and the third, the 
Upper Cambrian or Dicellocephalus fauna. Each fauna was 
designated by the most characteristic genus of trilobite con- 
tained in it. It was statedt that “ the conditions that de- 
veloped the Middle Cambrian (or Olenellus) fauna appez ared to 
have been largely peculiar to the American Continent ;” also 
that (119) “ there does not appear to be an equivalent fauna in 
the Cambrian System of Europe, either in Bohemia, the Scan- 
dinavian area, or in Wales. The nearest approach to it is on 
the Island of Sardinia.” 

At the time the introduction was written (1885) there was 
no satisfactory evidence that “ Paradowides Kjerulfi,” of the 
lowest Cambrian strata of Sweden, was not a true Paradoxides ; 
nor that it was an Olenellus, similar in type to Olenellus asa- 
phoides of the American “ Middle Cambrian.” Brégger’s ex- 
cellent paper on the Age of the Olenellus Zone in North 
Americas had not appeared; nor had the beautiful memoir of 
Holm’s on Qlenellus Kje rulfi.|| The latter proved conclusively 
that the genus occurs in the lowest fossiliferous bed of Sweden, 
beneath the horizon of the genus Paradoxides. Still more re- 
cently F. Schmidt has published an account of the finding of 
Olenellus in Estoria, in the Cambrian blue clay, and he states 
that he must concur with Brigger in his view that the Olenellus 
fauna is beneath, and older than, the Paradoxides fauna. 

From the evidenee given by Brégger, Holm and Schmidt, 
there appeared to be no doubt that the Olenellus zone in Eu 
rope was beneath the Paradoxides zone. In America it had 
been regarded by Billings, Logan, Ford, Matthew, Walcott, 
and Winchell** as above the Paradoxides and subjacent to the 
Dicellocephalus zone. Briégger analyzed the evidence upon 
which this view was based and concluded that, in the face of 
the direct stratigraphic proof of the position of the Olenellus 


* Bull. U. S. Geol. Survey, No. 30, 1886. + Loe. cit., p. 44. 

t Loc. cit., p. 57, par. 120. 

§ Aftryck ur Geol. Féren Stockholm, Férhandl1, vol. viii, Haft. 3, 1886. 

|| Ibid., vol. ix, Haft, 7. 1887. a 

J Mem. Acad. Imp. Sci. St. Petersburg, VII, vol. xxxvi, No. 2. Uber eine 
Neuentdeckte Untercambrische Fauna in Estland, 1888, pp. 1-27, pl. i-ii. 

** As reporter of American opinion, Cong. Geol. International 4 me. Session 
Londres; Res. Rep. Sous, Com. Americans, 1888, p. 9. 
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zone in Sweden, the American geologists and paleontologists 
had mistaken the order of succession. 

It was stated in 1886* that the only locality known in Amer- 
ica where the two faunas (Paradoxides and Olenellus) oceur in 
the same geographic area is about Conception Bay, Newfound- 
land. The evidence given by Logan of the order of succession 
was unsatisfactory, but it was all that was available and I con- 
tinued to use the scheme given by him in 1865. Even after 
reading Brégger’s paper I did not feel warranted in changing the 
table without stronger evidence than that there given. Compar. 
ing the two faunas zoologically, it appeared to me that in time 
the Olenellus fauna should follow the Paradoxides fauna. In 
May, 1888,+ I reprinted Logan’s scheme, stating that the table 
was tentative and expressive of my present knowledge and 
opinion, requesting that all who use it should decide individ- 
ually upon the value of its correlations. 

Such was the condition of our knowledge in the spring of 
1888, when I began an investigation to determine, if possible, 
the actual stratigraphic succession of the Cambrian faunas of 
North America. I first re-examined the section of Cambrian 
strata in Eastern New York, as some evidence was known to me 
there of the presence of the Paradoxides fauna. One of the 
results of this study was the discovery of entire specimens of 
Olenellus asaphoides that showed it to be generically identical 
with Olenellus Kjerulfi of Sweden, and Olenellus Mickwitzi 
of the East Baltic region of Russia, as described by Schmidt. 
Also that the genus Mesonacis, based on Olenellus Vermontana, 
included Olenellus asphoides, O. Kjerulfi, and O. Mickwitzi, 
in having a similar type of pygidium. Knowing that 0. (d/eson- 
acis) Vermontana was associated in the same stratum of rock 
with O. Thompsoni, and that the same type occurred beneath 
the Paradoxides zone in Sweden, Norway and Russia, I fully 
believed that the stratigraphic position of the faunas would 
be found to be the same in America as in Europe. I also 
found at the base of the great Berlin sandstone in Rens- 
selaer County, N. Y., several species of fossils that appear to 
be more closely allied to the species occurring in the Para- 
doxides fauna than to any known elsewhere in the Olenellus 
fauna, notably, Linnarssonia Taconica, Agnostus desideratus, 
n. sp., Agnostus like A. pisiformis, Microdiscus connexus and 
Zacanthoides Eatoni, n. sp. These species occur in the upper 
portion of the shales that in their middle and lower parts con- 
tain only the Olenellus fauna 


* Bull. U. S. Geol. Survey, No. 30, 1886, pp. 49-50, par. 97. Distributed in 
January, 1887. 
+ This Journal, IIT, vol. xxxv, 1888, p. 399. 
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I next proceeded to Newfoundland, where there appeared to 
be a prospect of settling the question for America, by discov- 
ering the two faunas in the same stratigraphic section. 

The first section examined was that beneath Topsail Head, 
Conception Bay. It was found to be as described by Mr. 
Alexander Murray.* The limestone at the base is separated 
from the “ Huronian” rocks by a fault line. Over the lime- 
stone a hundred feet or more of greenish shale completes the 
section. 

In the limestone I found Qbolella Atlantica, Kutorgina 
Labradorica, Scenella reticulata Billings, Hyolithellus micans 
Billings, yolithellus micans, var. rugosa, Hyolithes princeps 
Billings, 7/7. émpar Ford, Microdiscus speciosus Ford, Micro- 
discus, sp. undet., Olenellus Bréggeri, n. sp., Avalonia Man- 
uelensis, n. gen., n. sp., Solenopleura bombifrons Matthew, 
Agraulos (S.) strenuus Billings, Agraulos (S.), n. sp. 

In the superjacent green shales a few fragments of a trilobite 
were observed that indicated, by a portion of the glabella and 
eyelobe, a large species of Paradoxides. The evidence here 
obtained being somewhat inconclusive, the section at Brigus 
Head, on the west side of Conception Bay, was next examined 
and found to be essentially the same as that at Topsail Head, 
with the addition of a greater thickness of green and red shales 
above the limestone, and a sandy deposit beneath the limestone 
which rested unconformably against the “ Huronian.” The 
limestone series is divided into three bands. In the lowest, 
a specimen of Hyolithes impar was found similar to that in the 
limestone at Topsail Head, associated with fragments of a 
species of Olenellus (0. Bréggeri), Microdiscus — and 
Ptychoparia(?) ———. In the second bed of limestone frag- 
ments of trilobites were seen ; and in the upper bed Olenellus 
Bréggeri and Agraulos strenuus, were observed, the latter in 
great abundance. No fossils were discovered in the superja- 
cent slates. 

There remained but one section, known to me, where the 
Cambrian rocks rested on the “ Huronian” gneiss and the 
stratigraphic succession of the beds continued unbroken up to 
the unquestioned Paradoxides horizon. This was on Manuel’s 
Brook, one-and-a-half miles west of Topsail Head. A coarse 
conglomerate rests directly and unconformably upon a syenitic 
gneiss. Along the line of the brook the conglomerate is con- 
formably subjacent to a belt of greenish shale which is suc- 
ceeded by a band of red shale subjacent to a thin stratum of 
limestone, which is followed by greenish shales, and these in 
turn by black shales carrying an abundant Paradoxides fauna. 
This section being conformable, a careful search was made for 


* Rept. Geol. Survey, Newfoundland, 1868, Reprint of 1881, p. 154. 
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fossils in the beds just above the conglomerate. They were 
first found about 1,500 feet north of the brook, in a railway 
cut, in some irregular masses of impure arenaceous limestone 
resting on the conglomerate, and subsequently in red and green 
shales “resting on the conglomerate. In the reddish argillaceous 
shale a large. fine species of Olenellus was found that may be 
referred to the sub- -genus Mesonacis. It is allied to O. (Jf) 
asaphoides, and I propose to eall it Olenellus (Mesonacis) 
Bréggeri.* 

Associated with 0. (JL) Broggeri, in the red and green 
shales and in an impure siliceous limestone, are the following 
species: Obolella Atlantica, n. sp., Hyolithellus micans Billings, 
Hyolithellus ?, n. sp., LHyolithes princeps Billings, empar 
Ford, //. quadricostatus 8. and Foerste, and one new species of 
Hyplithes, Gasteropod, n. gen., n. sp., Scenella reticulata Billings, 
Stenotheca rugosa, var. acuta-costa, n. var., Stenotheca rugosa, 
var., erecta, n. var., Stenotheca rugosa, var. levis., n. var., Steno- 
theca rugosa, var. paupera Billings, Platyceras_primevum 
Billings, gee us Helena, n. sp., M. spectosus Ford, Micro- 
discus 2, Olenellus Briggeri Walcott, Avalonia Manuel- 
ensis, n. gen., n. sp., Ptychoparia Morrisi, n. sp., Agraulos (8.) 
strenuus ‘Billings, Agraulos (S.) strenuus, var. nasutus, n. var., 
Agraulos, n. sp., Solenopleura bombifrons Matthew, Soleno- 
pleura, sp. 

This fauna is essentially the same as that of the limestones 
of the Topsail Head and Brigus sections, and proves conclu- 
sively that the Olenellus fauna is subjacent to the Paradoxides 
fauna. 

Mr. Murray in his report for 1868, placed on lithologie evi- 
dence the Topsail Head limestone above the conglomer ate of 
Manuel’s Brook, and the limestone of Brigus Head beneath the 
conglomerate, in the generalized section published i in the report 
for 1870.+ 

Mr. Matthew, in studying the collections sent to him by the 
Geological Survey of Newfoundland, placed the fossils of the 
Topsail Head and Brigus limestones beneath the Paradoxides 
horizon on Manuel’s Brook,t thus following the stratigraphic 
arrangement of Mr. Murray. Subsequently he changed his 
views and placed the Topsail Head and Brigus faunas in the 
Paradoxides zone of the Manuel’s Brook section. § 

The stratigraphic section on Manuel’s Brook, as measured 
by me in August, 1888, is as follows: 

* The specific name 1s given in recognition of the excellent work of Brégger on 
the Cambrian faunas of Sweden, and of the work of the Swedish geologists in 
first clearly proving the true order of succession of the Cambrian faunas in Europe, 
and suggesting that the same order of succession probably prevailed in America. 

+ Report Geol. Survey, Newfoundland, 1870, Reprint of 1881, p. 238. 

¢ Canadian Record Sci., vol. ii, 1886, p. 256. 

§ Canadian Record Sci., vol. iii, 1888, p. 74. 
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Manuel’s Brook Section. 


1. Coarse conglomerate, in massive layers. The material 
next to the gneiss varies in size, from bowlders of quartz 
and gneiss six feet in diameter, down to small pebbles, 
and in the upper beds from pebbles to fine sand 

Strike, N. 80° E, (Magnetic) ; Dip. 12° to 13° N. 

2. Irregular beds of calcareous sandstone, siliceous limestone 
and greenish-colored argillaceous shale, covering the irreg- 
ular upper surface of the conglomerate 

Fossils :— Odolella Atlantica, Hyolithelltus micans Bill- 
ings, Hyolithellus?, n. sp., Hyolithes princeps Billings, 
Hyolithes impar Ford, Hyolithes quadricostatus, 8. and F. 
and two undescribed species, Gasteropod, n. gen., D. sp., 
Scenella reticulata Billings, Stenotheca rugosa, var. acuta- 
costa, n. var., Stenotheca rugosa, var. erecta, n. var., Steno- 
theca rugosa, var. levis, n. var., Stenotheca rugosa, var. 
paupera Billings, Platyceras primevum Billings, Micro- 
discus Helena, vn. sp., Microdiscus speciosus Ford, Micro- 
discus, sp.?, Olenellus Briggeri Walcott, Avalonia Man- 
uelensis, n. gen., n. sp., Ptychoparia Morrisi, n. sp., Agrau- 
los (S.) strenuus Billings, Agraulos (S.) strenwus, var. 
nasutus, n. var., Solenopleura bombifrons Matthew, Solen- 
opleura, n. sp. 

3. Greenish argillaceous shale, conformably subjacent to 2. - 

4, Reddish-colored argillaceous shale 

5, Calcareous sandstone, with pinkish limestone in irregular 
masses 

6. Green argillaceous shale with thin layers of hard, dark, 
ferruginous sandstone, interbedded at several horizons. -.. 

Strike, N. 80° E.; Dip. 12° N. 

Fossils :—Near the base the head of an Olenellus was 
found, also fragments of an Agraulos or Ptychoparia. At 
218 feet from the base a layer of pinkish limestone con- 
tained the head of an Agraulos, like A. strenuus, and 
many fragments of trilobites. Fifty-two feet higher up 
quite an abundant fauna was found, and the following 
species were collected: Lingulella sp. a, Acrothele Mat- 
thewt Hartt (sp.), Agnostus sp. a, Agnostus sp. d, Par- 
adoxides Hicksi Salter, Conocoryphe Matthewi Hartt (sp.), 
Liostracus sp. a. 

7. Dark argillaceous shales with thin layers of limestone and 
sandstone, at various horizons 

Fossils:—Zone a. From 10 to 20 feet feet from the base 
the following species were collected: Zingulella sp. a, 
Linnarssonia misera Billings, Acrothele Matthewi Hartt 
(sp.), Hyolithes sp. a, Agnostus, 3 sp., a, b, c, Microdiscus 
punctatus Salter, Paradoxides Hicksi, Conocoryphe (C) 
Matthewi Hartt (sp.), Conocoryphe elegans Hartt (sp.), 
Agraulos socialis Billings, Liostracus tener Hartt (sp.). 
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Zone b.—Forty-five feet higher up the fauna is much 
larger and includes: Linnarssonia misera Billings (sp.), 
Lingulella sp. a, Orthis sp. ?, Stenotheca sp. ?, Agnostus 
punctuosus Angelin, Agnostus, 5 sp., b, e, Jf, g, h, Micro- 
discus punctatus Salter, Paradoxides Davidis Salter, Par- 
adoxides Hicksi Salter, Paradowides sp. ?, Anopolenus 
venustus Billings, Conocoryphe elegans, Ctenocephalus Mat- 
thewi Hartt (sp.), Hrinnys venulosa Salter, Ptychoparia 
Robbi Hartt, P. variolaris Salter, Holocephalina inflata 
Hicks, Agraulos socialis Billings. 


From 235 to 250 feet from the base a belt occurs in 
which a small species of Aristozoa occurs in large num- 
bers, associated with Lingulella sp. a, Agnostus sp.?¢ and 
the heads of a small Ptychoparia ?, sp. undet. 


8. Alternating bands of dark shale and dark, compact sand- 
stone that carry a small species of Orthis in large numbers, 400 


The section is here cut off by the shore of Conception Bay.* 

On the islands in the bay the Upper Cambrian horizon is 
well developed. Inthe lower arenaceous shales at Lance Cove, 
on Great Bell Island, I found Lophyton sp. ¢, Cruziana semi- 
plicata Billings, Arthraria antiquata Billings, Olenus sp. 
undet. and, at a higher horizon, near the center of the island, 
Lingulepis affinis Billings, and Lingula? Murray? Billings, 
with fragments of Cruziana. In the sandstone at the summit 
of Little Belle Island, twenty feet above a band of sandstone 
earrying Lingula? Billingscana Whiteaves and an elongate, 
narrow species of Lingulella, a long slender Hyolithes? and a 
broad species of Hyolithes occur. In the dark argillaceous 
shales beneath, Z. ? Billingsiana occurs in great numbers. 

The conglomerate (No. 1, of the section) was traced, just 
north of the outcrop of the gneiss, for a mile to the west of 
Manuel’s Brook and the shales and limestone of 2 were seen in 
a number of sections, resting directly upon it. On the brook 
the stratigraphic succession is unbroken up to the summit of 8, 
and the strata are conformable and undisturbed with the ex- 
ception of the dip of 12° to the north. 

The Manuel’s Brook section is the only one known to me on 
the North American Continent where the typical Olenellus and 
Paradoxides faunas occur in an unbroken stratigraphic section. 
The Olenellus fauna is well developed and typical, and the 
same is true of the Paradoxides fauna.t 

*T hope to prepare a paper on the Paradoxides zone of the Cambrian, and will 
then give the distribution of the fauna in the Manuel’s Brook section more in de- 
tail, and add descriptive notes on the genera and species. 


+ In Newfoundland my work was made much easier by the assistance given by 
Rev. M. Harvey, of St. Johns, Father Morris, of Villa Nova Orphanage, and a 
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The relative position of the Middle and Lower Cambrian 
faunas is now changed in the American scheme of classifica- 
tion;* the Paradoxides zone being removed to the Middle, 
and the Olenellus zone to the Lower division. The three divi- 
sions—Lower, Middle, and Upper—are useful in classification, 
as they indicate both physical and faunal changes during the 
deposition of the sediments forming the American, Sw edish, 
and English sections. In the Appalachian and Rocky Mountain 
areas of the United States, the genus Paradoxides is unknown, 
and most of the typical fossils of the zone are unrepresented ; 
but in the great Cambrian section ~~ Eastern New York it is 
indicated by Agnostus desideratus, n. sp., Agnostus of the 
type of A. pisifor mis, Microdiscus connexus, Linnarssonia 
Taconica and Zacanthoides Eatoni. The third and fourth 
species may prove to be identical with M/icrodiscus punctatus 
and Linnarssonia sagittarius from the Paradoxides zone of 
Newfoundland. In Nevada a peculiar fauna that is recognized 
by the trilobitic genera Olenoides, Zacanthoides and Asaphicus, 
occurs midway between the Olenellus and Dicellocephalus or 
Upper Cambrian faunas. Brégger has noted that the genus 
Agnostus is first characteristic of the Paradoxides zone, and by 
it he has correlated certain horizons in Nevada witn those of 
Sweden. This will undoubtedly hold good in many instances, 
and be of value when taken in connection with other genera.t 

The following table exhibits the order of stratigraphic suc- 
cession of the three subdivisions and sub-faunas of the Cam- 
brian System as known in America to-day. 

As previously stated the three divisions of Lower, Middle and 
Upper Cambrian are recognized in America and Europe. The 
names of the subdivisions of these three primary divisions of 
the period in America are the names of the typical terranes 
that are respectively included in each of the primary divisions. 
Thus under the term Prospect, of the Lower Cambrian, are 
included the strata of the Olenellus zone in Nevada, Utah, and 
the Rocky Mountain region north into British penta The 
typical section is that crossing Prospect Mountain in the Eureks 
district, Nevada. In this section the sedimentation and fauna 
are essentially the same as in the Rocky Mountain area. 


letter telling of localities from Mr. J. P. Howley. The geological map of the 
Avalon Peninsula, by Mr. Howley, was of great service. In the six weeks’ 
search for the Olenellus fauna about Conception Bay, Mrs. Walcott was my con- 
stant companion and efficient assistant, and shared with me the pleasure given by 
the finding of the fauna on Manuel’s Brook. 

*In all my previous papers with the exception of the note in “ Nature,” Octo- 
ber, 1888, the term Middle Cambrian is to be changed te Lower Cambrian and 
Lower Cambrian to Middle Cambrian. 

+Om alderen af Olenelluszonen; Nordamerika. Aftryck ur Geol. Forenin- 
gens; Stockholm Foérhandl., No. 101, vol. viii, H. 3, 1886. 
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SILURIAN (ORDOVICIAN). 


Lower portion of the Calciferous sandrock of 
Lower Calciferous.| New York and Canada: Lower Magnesian 
limestone of Wisconsin, Missouri, etc. 


Potsdam sandstone of New York, Canada, Wis- 
consin, Texas, Wyoming; Gallatin limestone 
of Montana and portion of Pogonip limestone 
of Nevada; Knox shales of Tennessee; Coosa 
shales of Georgia and Alabama; the Alabama 
section may extend down into the Middle Cam- 
brian. Tonto caleareous shales of Arizona. 

Shales and sandstones of Great and Little Bell 
and Kelley’s Islands, Conception Bay, New- 
foundland. 


Upper CAMBRIAN, 


CAMBRIAN. 


Shales and slates of Braintree, Massachusetts; 
St. John, New Brunswick and the Avalon 
Peninsula of Newfoundland. Central portions 
of the New York and Nevada Cambrian sec- 
tions. 


MIDDLE 
CAMBRIAN. 


demain shales and ‘Granular Quartz” of Ver- 
mont, Canada, New York and Massachusetts. 

| | Limestones, ete., of L’Anse au Loup, Labrador; 
| northwest eoast and Peninsula of Avalon, 
| Newfoundland; lower part of Cambrian sec- 
| tion of Eureka and Highland Range, Nevada; 

Prospect Upper arenaceous shales of Big Cottonwood 
| “- | Cafion, Cambrian section of Utah. 


| 
| 


\Terra Nova 


a 
< 
= 


| 
| 


ALGONKIAN. 


The topmost division, Lower Calciferous, includes the passage 
beds between the Cambrian and subjacent Lower Silurian (or 
Ordovician) systems. In northeastern New York the line 
between the two systems is very distinct, but in central New 
York and Nevada there is no stratigraphic break between them. 
Passage beds must necessarily exist in some localities; in the 
table these are recognized by the Lower Calciferous, as in 
Wisconsin that horizon contains a fauna more intimately 
related to the Cambrian than to the superjacent second fauna. 

The names Potsdam, Acadian and Georgian might be used 
in the second column to replace Upper, Lower and Middle 
Cambrian. The objection, for instance, that the typical Aca- 
dian fauna is not present in the great Rocky mountain area, 
and that there is a Middle Cambrian zone which is recognized 
there, leads me to drop the denotive names in the second 
column and use the more universally applicable terms Upper, 
Middle and Lower Cambrian. 


| 
| 
|Potsdam 
| | | 
| 
1Bell Tale 
| | | 
St. John _......--| 
| 
| 
lAvalon 
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Stratigraphic Position of the Olenellus Zone. 


Determined by our present information the Olenellus fauna 
is at the base of the Cambrian. Beneath the Olenellus zone 
the strata are to be referred to some of the pre-Cambrian groups. 

As already mentioned the Olenellus zone of the Atlantic 
basin occurs in sediments resting on the Archean and close to 
the base of the strata referred to the Paleozoic group. In 
Vermont the Winooski marble series shows over seven hundred 
feet of limestone beneath the Olenellus zone that have not as 
yet yielded any characteristic fossils.* Murray and Howley 
state that in Newfoundland several thousand feet of sandstone 
occur, on the shores of Trinity Bay and vicinity, beneath the 
horizon of the Manuel’s Brook conglomerate. They do not 
report fossils, which leaves in doubt the horizon to which this 
sandstone series should be referred. 

The great series of siliceous rocks of the Wasatch section, 
Utah,t ‘show 11,000 feet of strata conformably subjacent to the 
Olenellus zone; and all through the uplifts ef Cambrian rocks 
in Utah and Nevada a considerable thickness of strata is known 
to occur in a similar position. 

In western Nevada the sandstone and siliceous shales of the 
Wasatch and similar sections are represented by more or less 
calcareous strata, and it is there that we may hope to find a 
pre-Olenellus fauna. 

At present I draw the basal line of the Cambrian in Utah 
and Nevada, at the bottom of the band of arenaceous shale 
earrying the Olenellus fauna. This refers the quartzites and 
siliceous shales of the Wasatch and similar sections, including 
that of the Eureka district and that of the Highland range of 
Nevada, to the Algonkian Period. 

The section laid bare in the Grand Cafion of the Colorado, 
beneath the great unconformity at the base of the known 
Cambrian, shows 12,000 feet of unaltered sandstone, shales 
and limestone that, I think, were deposited in pre-Cambrian 
time and should be referred to the Keweenawan Group.t This 
presents one of the best opportunities known to me for the 
discovery of a pre-Olenellus fauna. The entire section is 
unbroken, and the sandstones, shales and limestones are much 
like those of the Silurian section of New York. Ina bed of 
dark argillaceous shale, 3,550 feet from the summit of the 
section, I found a small Patelloid or Discinoid shell, a fragment 
of what appears to be the pleural lobe of a segment of a trilo- 
bite, and in a layer of bituminous limestone, an obscure, small 

* Bull. U. S. Geol. Survey, No. 30, p. 15, par. 13, Nos. 1, 2 and 3 of the section. 


+ Loc. cit., p. 38, par. 74. 
¢ This Journal, III,‘vol. xxxii, 1886, p. 153, foot-note. 
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Hyolithes. In layers of limestone, still lower in the section, 
an obscure Stromatoporoid form oceurs in abundance.* 

A similar series of rocks occur, unconformably beneath the 
Cambrian, in Llano County, Texas. Fossils have not been 
reported from them.t 


The Geographic Distribution of the Olenellus Fauna. 


I have endeavored to show that on the American continent 
the Olenellus fauna occurs in sediments deposited on the 
margins of a continental area that, in later Cambrian time, was 
depressed beneath the sea and largely covered by sediments of 
Upper Cambrian age.t My studies in Newfoundland, during 
the past summer, lead me to think that there the Olenellus 
zone was also a shore deposit about an Archean land area that 
was probably not depressed deeply, if at all, at any one time, 
beneath the sea in any part of Cambrian time. 

The Olenellus zone of Norway, Sweden, Russia (Lapland and 
Esthonia) occurs on the margins of an old Archean continent, 
and the Olenellus zone of England and probably of Scotland 
and the Island of Sardinia is on the western side of the Euro- 
pean area. In other words, the Olenellus fauna, as far as 
known to-day, lived on the western side of a pre-Cambrian 
continental area, outlined by the present continent of Europe ; 
also on the eastern and western sides of a continental area that 
extended, on the east, from Labrador southwest along the 
Atlantic coast line, and also on a line now occupied by the 
valleys of the St. Lawrence, Lake Champlain and the Hudson 
River, and probably the central line of the Appalachians to 
Alabama; and on the west by the eastern ranges of the Rocky 
Mountains, from Arizona far into British America. 

The correlations in the following table follow the New- 
foundland section. Im New York the Paradoxides zone has 
not been recognized, unless we consider the representative 
species, Linnarssonia Taconica, Agnostus desideratus, Agnos- 
tus, of the type of A. pisiformis, Microdiscus connexus, and 
Zaconthordes Eatoni, as indicating it. This I am at present 
inclined to do. 

In Newfoundland the genus Olenus is represented, but in 
New York, Nevada, Wisconsin, ete., the genus Dicellocephalus 
is taken as the representative genus of the Upper Cambrian. 

In the southern Appalachian area, Tennessee, Alabama, etc., 
the Upper Cambrian fauna is well developed, and the Middle 
is indicated by Olenoides Curticei, n. sp., Ptychoparia anti- 
qguata Salter, Agnostus, 2 sp. 

* This Journal, III, vol. xxvi, 1883, pp. 437-442. 


+ This Journal, III, vol. xxviii, 1884, pp. 431-433. 
¢ This Journal, III, vol. xxxii, 1886, pp 154-157. 
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Table showing the order of succession of the Cambrian faunas in typical areas in 


Newfound- Massachu- 
| land. setts, 


| 


AMBRIAN, 


Vlenus 
zones. 


Unknown. 


UPPER 


‘al 


; Paradox- 
jides zones. 
| 


Paradox- 
ides zones. 


MIDDLE 
CAMBRIAN, 


CAMBRIAN SYSTEM. 


Olenellus 
zones, 


Olenellus 
zones. 


| CAMBRIAN. | 


America. 


| 
Upper Mis- 
New York. | Tennessee. Sissippi Val- 
ley. 


Nevada and 
Utah. 


Dicello- 
cephalus 
zones. 


Dicello- 
cephalus 
zones. 


Dicello- 
cephalus 
zones. 


Present. 


Indicated Repre- 
by other Same as | sented by 
genera than in Nevada other genera Unknown. 
Paradox- and Utah.| than Para- 
doxides, 


Olenellus 
zones. 


Olenellus 
zones, 


Jnknown. Unknown. 


The details of this table will be described in a future paper. 
The succession of the Cambrian faunas in Europe is the same 
as on the Atlantic basin side of North America, as shown in 


the following table: 


Table showing the order of succession of the Cambrian faunas in 


Europe, where the Olenellus zone has been recognized. 
sections are given in Dr. Lapworth’s paper.* 


| 
| 


Seandinavia. 


The local 


Russia. Britain. Sardinia. 


| Upper Cambrian 
or 
Olenus zones. 


Middle Cambrian 
or 
Paradoxides zones} 


CAMBRIAN SYSTEM. 


Lower Cambrian | 
or 
Olenellus zones, | 


Dictyonema 
and 
Olenus zones. 


Paradoxides 
zones. 


Olenellus 
zoues, 


Dictyonema. 


Unknown. 


Olenellus 
zones. 


Dictyonema 
and 
Olenus zones. 


Paradoxides 
zones. 


| Types of the 

Olenellus 
fauna, but not 
| Olenellus. 


Olenellus 
zones, 


* Nature, vol. xxxix, 1888, p. 213. 
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The Olenellus Fauna. 


A summary of the Cambrian fauna is given in the Introduc- 
tion to Bull. 30, U. S. Geol. Survey, in which the Olenellus 
fauna is credited with 43 genera, 107 species and 2 varieties. 
In this summary 3 genera and 19 species are included that are 
not found in association with the genus Olenellus or typical 
species of the fauna. They were found beneath the Potsdam 
horizon and above the Georgia or Olenellus horizon, and are 
now referred to the Middle Cambrian. They are: Proto- 
spongia fenestrata Salter, Hocystites ?? longidactylus Walcott, 
Leperditia Argenta Waleott, Agnostus interstrictus White, 
Vlenoides Nevadensis Meek (sp.), O. quadriceps Hall and 
Whitfield (sp.), O. Wasatchensis Hall and Whittield (sp.), 0. 
spinosus Walcott, O. typiealis Walcott, Ptychoparia Housensis 
Waleott, P. Kingi Meek (sp.), P. Piochensis Walcott, P. ? 
Prospectensis Walcott, P. guadrans Hall and Whitfield (sp.), 
P. subcoronata Hall and Whitfield (sp.), Bathyuriscus How- 
elli Waicott, B. productus Hall and Whitfield (sp.), and Asa- 
phiscus Wheelert Meek. Ptychoparia Piochensis occurs 100 
feet above the Olenellus zone proper, in the Highland Range 
section,* but as it also occurs 1137 feet higher up in the same 
section, it is now referred to the Middle Cambrian fauna and 
not to the Olenellus fauna. 

From the Olenellus zone of eastern New York, I subse- 
quently described :+ Lingulella Granvillensis, Linnarssonia 
Taconica, Orthis Salemensis, Hyolithellus micans, var. rugosa, 
Modiolopsis ?? prisca, Leperditia dermatoides, Aristozoa 
rotundatu, Microdiscus converus, Olenoides Fordi, Soleno- 
pleura ?? tumida, Ptychoparia Fitchi and P.? clavata, 
and recent collections have added Agnostus desideratus, n. sp., 
Agnostus of the type of A. pisiformis, and Zacanthoides 
Eatoné n. sp. 

All of these occur in association with Olenellus, although 
Linnarssonia Taconica, Agnostus desideratus, Agnostus type 
of A. pisiformis. Microdiscus connexus, Zacanthoides Eatont, 
n. sp., are types of the Paradoxides fauna. 

Professor N. S. Shaler discovered an area of fossiliferous 
Lower Cambrian rocks in Bristol County, Massachusetts, from 
which he has described, in association with Mr. A. F. Foerste, 
the following species :{ Obolella crassa Hall (var.), Obolella ?, 
Fordilla Troyensis Barrande?, Lamellibranch?, Scenella reti- 
culata Billings, Stenotheca rugosa, var. paupera, S. rugosa, 
var. abrupta, S. recurvirostra (n. sp.), Platyceras primevum 

* Bull. U. S. Geol. Survey, No. 30, 1886, pp. 33, 34. 


+ This Journal, III, vol. xxxiv, pp. 188-198, 1887. 
¢ Bull. Mus. Comp. Zodlogy, vol. xvi, No. 2, 1888. 
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Billings, Plewrotomaria (Raphistoma) Attleborensis (n. sp.), 
Hyolithes quadricostatus (n. sp.), H. communis, var. Emmonsi 
Ford, H. Americanus Billings, H. princeps Billings, /. Bil- 
lingst Walcott ?, Hyolithellus mMicans Salterella ciur- 
wvatus (n. sp.), Paradowides ? Waleotti, n. sp., Ptychoparia 
mucronatus (n. sp.), P. Attleborensis (n. as Of these, two 
genera—Pleurotomaria and Paradoxides—have not before been 
found in a strongly marked Olenellus zone fauna; and eight 
of the species and two varieties were unknown in 1886. 

It is doubtful if the genus Paradoxides occurs in this lower 
Olenellus zone fauna. /. Walcotti is founded on a small 
head that appears to be generically identical with similarly 
sized heads of Olenellus asaphoides that are associated with a 
similar fauna at Troy, N. Y. 

In Newfoundland I have found 14 genera and 23 species 
and 5 varieties in the Olenellus zone, as follows : Obolella At- 
lantica, n. sp., Kutorgina Labradorica, Hyolithellus micans 
Billings, //. micans, var. rugosa Walcott, Hyolithellus ?, n. sp, 
Hyolithes princeps Billings, H. impar Ford, /7. quadricostatus 
S. and F., 77, 2 n. sp., Pie ropod ?, n. gen., n. sp., Scenella reti- 
culata Billings, Stenothecu rugosa, var, acuta-costa Walcott, 
Stenotheca rugosa, var. erecta Walcott, Stenotheca rugosa, var. 
levis Walcott, Stenotheca ruyosa, var. paupera Pla- 
tyceras primevum Billings, Microdiscus Helena, u. sp., M. 
speciosus Ford, Microdiser us sp. ?, Olenellus Bigger: Walcott, 
Avalonia Manuelensis, n. sp., I -tychoparia Morrisi, n. sp., 
Agraulos strenuus Billinvs, A. strenuus var. nasutus, 
n. var., Agraulos un. sp., Solenopleura bombifrons Matthew, 
Solenopleura, n. sp. Of these, 2 genera, 14 species and 4 varie- 
ties were not previously known in the fauna. 

A list of all the genera and species now known to me from 
America, gives a total of 55 genera, 127 species and 9 varieties, 
as follows: 


Spongie. Crinoidea. 
Leptomitus Zitteli, Walcott. Kocystites ? sp. ? 
Girvanella ? sp. ? Trails, burrows and tracks. 
Protospongia sp. ? Planolites incipiens, Billings. 
Hydrozoa sp. ? congregatus, Billings. 
Phyllograptus? simplex. Emmons. annularius, n. sp. 
Climacograptus?? Emmonsi, Walcott. Helminthoidichnites marinus, Em- 
Corals. mons. 
Protopharetra, sp. ? Scolithus linearis, Haldeman. 
Spirocyathus Atlanticus, Billings. Cruziana sp.? 
Coscinocyathus Billingsi, Walcott. Brachiopoda. 
Archeocyathus profundus, Billings. Lingulella ceelata, Hall (sp.) 
(A) rarum, Ford. Ella, H. and W. 
(A) Rensselaericum, Ford. Granvillensis, Walcott. 
Dwighti, n. sp. Linnarssonia Taconica, Walcott. 
Ethmophyllum Whitneyi, Meek. Kutorgina cingulata, Billings. 
Meeki, n. sp. Labradorica, Billings. 


q 
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Brachiopoda. 

Kutorgina pannula, White (sp.) 
Prospectensis, Walcott. 

Iphidea bella, Billings. 

Acrotreta gemma, Billings. 

Acrothele subsidua, White. 

Obolella Atlantica, n. sp. 

chromatica, Billings. 

Circe, Billings. 

crassa. Hall (sp.) 

gemma, Billings. 

nitida, Ford. 

Orthis Highlandensis, Walcott. 

Salemensis, Walcott. 

Orthisina festinata, Billings. 

orientalis, Whitfield. 

? transversa, Walcott. 

? (sp. undetermined.) 

2 sp. ? 

Camerella ? antiquata, Billings. 

? sp. ? 
Lamellibranchiata. 
Fordilla Troyensis, Barrande. 
Modiolopsis (??) prisca, Walcott. 
Gasteropoda. 
Helenia bella, n. gen., n. sp. 
Stenotheca ? elongata, Walcott. 
curvirostra, 8. and F. 
? rugosa, Hall. (sp.) 
var. abrupta, S. and F, 
var, acuta-costa, n. var. 
var. erecta, n. var. 
var. levis, n. var. 
var. paupera, Billings. 

Scenella conula, Walcott. 

reticulata, Billings. 

retusa, Ford. 

? varians, Walcott. 
Platyceras prim:evum, Billings. 
Pleurotomaria (Raphistoma) Attlebor- 

ensis, Shaler and F. 
Pteropoda. 

Hyolithes Americanus, Billings. 
Billingsi, Walcott. 
communis, Billings. 

var. Emmonsi, Ford. 
impar, Ford. 
princeps, Billings. 
quadricostatus, 8. and F. 
sp. (undetermined.) 
similis, n. sp. 
terranovicus, n. sp. 

Hyolithellus micans, Billings. 

var. rugosa, Walcott, 

Coleoloides typicalis, n. gen., n. sp. 

Salterella pulchella, Billings. 
rugosa, Billings. 
curvatus, Shaler and F, 
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Crustacea. 
Leperditia (I) dermatoides, Walcott. 
Sp. 7 
Aristozoa rotundata, Walcott. 
Troyensis, Ford. 
sp.? 
Protocaris Marshi; Walcott. 
Trilobita. 
Agnostus nobilis, Ford. 
desideratus, n. sp. 
Sp. 
Microdiscus bella-marginatus, S.and F. 
connexus, Walcott. 
lobatus, Hall. 
Meeki, Ford. 
Parkeri, Walcott. 
specivsus, Ford. 
sp. ? 
(Mesonacis) 
Hall (sp.) 
(M.) asaphoides, Em. (sp.) 
Gilberti, Meek. 
Iddingsi, Walcott. 
Thompsoni, Hall. 
(M.) Bréggeri, n. sp. 
Paradoxides? Walcotti, Shaler and F. 
Olenoides Fordi, Walcott. 
? Marcoui, Whitfield. (sp.) 
Zacanthoides Eatoni, n. sp. 
levis, Walcott. 
Bathynotus holopyga, Hall. 
Avalonia Manuelensis, n. gen., n. sp. 
Conocoryphe trilineata, Emmons. (sp.) 
Ptychoparia Adamsi, Billings. 
Attleborensis, S and F. 
(?) Fitchi, Walcott. 
misera, Billings. 
sub-coronata, H. and W. 
Teucer, Billings. (sp.) 
Vulcanus, Billings. (sp.) 
2 sp. ? 
Agraulos strenuus, Billings. 
var. nasutus, n. var. 
Crepicephalus Augusta, Walcott. 
Liliana, Walcott. 
Oryctocephalus primus, Walcott. 
Anomocare parvum, Walcott. 
Protypus Hitcheocki, Whitfield. (sp.) 
(?) clavata, Walcott. 
senectus, Billings. (sp.) 
var. parvulus, Billings. 
Selenopleura bombifrons, Matthew. 
nana, Ford. 
(?) tumida, Walcott. 
Harveyi, n. sp. 
Howleyi, n. sp. 


Olenellus Vermontana, 
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The Olenellus Fauna in Europe. 


Until the memoir of Holm’s on Olenellus Kjerulfi* ap- 
peared, American paleontologists were unwilling to admit that 
the genus Olenellus was represented in Europe. The figures 
and descriptions given by Linnarsson and Brégger were unsat- 
isfactory, and they did not care to change the scheme of classi- 
fication proposed by Logan without very positive evidence. 
Personally I avoided referring to the debated question while 
engaged in its study in America and while waiting for fuller 
data from Europe. I felt the force of Brégger’s argument, 
but preferred to wait for stronger proof before accepting or 
rejecting the European view. 

To the American fauna I will add the European forms that 
are at present known to me: 

Scandanavia.—Holm statest that according to Linnarsson 
and Brégger, the fauna of the Olenellus zone in Scandanavia 
consists of Olenellus Kjerulfi Linnars., Ellipsocephalus Nor- 
denskioldi, Arionellus primevus Brogger, Hyolithes sp. 
undet., Metoptoma sp., Lingulella ? Nathorsti Linnars., Obolus 
sp., Discina ? sp. 

From the Eophyton sandstone beneath the Olenellus Kjer- 
ulfi zone Linnarsson describedt Bythrotrephis sp., Medusites 
radiata Linnars., Medusites Lindstromi Linnars., Mick- 
witzia Monolifera Linnars., Hyolithes levigatus Linnars., 
Arenicolities spiralis Torell, Frana tenella Linnars., Cru- 
ztana dispar Linnars., Scotolithus mirabilis Linnars., Hophy- 


* Aftryck vr. Geol. Féren. Stockholm, Foérhandl., vol. ix, haft 7, 1887. 

+ Aftryck vr. Geol. Foren. Stockholm, Forhandl., vol. ix, haft 7, p. 22, 1887. 

¢ Geog. och Pal. Iakttag. Eophytonsandstenen i vestergotland Kongl. Svenska 
Vet. Akad. Handl., vol. ix, No. 7, 1871. 
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ton Linneanum Torell, #. Torelli Linnars. These last three 
species are probably based on inorganic markings. 

Russia.—The Olenellus zone in Estland, Russia, has, accord- 
ing to Schmidt, the following genera and species: 


Olenellus Mickwitzi Schmidt, Scenella discinoides Schmidt, 
Scenella ? tuberculata Schmidt, Mickwitzia monilifera Linnars- 
son (sp.), Obolella ? sp., Discina ? sp., Volborthella tenuis Schmidt, 
Platysolenites antiquissimus Eichwald (sp.), Medusites Lindstromt 
Linnarsson, Frcena tenella Linnarsson, Cruziana, Primitia ? (sp.).* 


Britain.—The Olenellus fauna was first described in Britain 
by Professor Charles Lapworth.t At the Cumley quarries, Little 
Caradoc, Shropshire, he obtained Olenellus , Hyolithellus, 
Kutorgina, Scenella, Ptychoparia and Obolella, from calcareous 
sandstone, in the Cumley sandstone. The stratigraphic posi- 
tion of the sandstone in relation to the Paradoxides zone was 
not known until the fauna proved that it belonged to the 
Lower Cambrian. In the more complete section of the Cam- 
brian, at St. David’s, S. Wales, the purple, green and red sand- 
stones and slates of the Caerfai group of Hicks occupy the 
stratigraphic position of the Olenellus zone in Newfoundland, 
as do the somewhat similar beds near Llanberis and Bangor, in 
North Wales. As yet the few fossils found—Lingulella pri- 
meva, Discina? Caerfaiensis, Leperditia ? Cambrensis,—from 
St. David’s, and Hyolites sp., and Conocoryphe viola, from 
North Wales, do not prove the presence of the Olenellus zone, 
although I shall include them in the Lower Cambrian fauna. 

Spain.—The only species recorded from the Spanish penin- 
sula that can be classed with the Olenellus fauna is thmo- 
phyllum Marianus Roemer. 

On the Island of Sardinia a large Cambrian fauna has been 
discovered that includes the genera Archsocyathus, Coscino- 
cyathus, Obolella, Kutorgina, Olenopsis, Metadoxides, etc., ete. 
Until more complete data are published on the geological sec- 
tion and the range of the species, it is not safe to assign any 
of the species to the Olenellus zone. 

Excluding the Sardinia fauna and admitting the genera 
and species except where evident duplication exists, the pre- 
Paradoxides-Olenellus-zone faunas of Europe may now be 
credited with twenty-five genera and thirty-eight species. Of 
these twelve genera and all the species have not been recog- 
nized in America. Adding the European fauna to the Ameri- 
can we have 


Genera 67; Species 165; Varieties 9. 


* Loc. cit., p. 13. 
+ Nature, vol. xxxix, pp. 212, 213, 1888. Advanced sheets dated Oct. 25, 1888. 
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To this number there will yet be added many of the genera 
and species from Sardinia, and probably a considerable number 
from Britain and Scandanavia. 

In the second part of this paper the stratigraphical and 
zoological relations of the Lower and Middle Cambrian faunas 


will be discussed. 
[To be continued. ] 


Art. XLI.—Larthquakes in California, (1888); by 
Epwarp 8. Hovey. 


In 1887 I compiled a list of earthquakes which had been 
recorded in California, ete., from 1769 to the end of 1887. 
This was printed by the Regents of the University of California 
in a pamphlet of 78 pages and widely distributed. The data 
there given have been discussed in two papers subsequently 
written. The first is a note on Earthquake Intensity in San 
Francisco (1808-1888) printed in this Journal for June, 1888 
and the second has the title Earthquakes in California, Wash. 
ington, and Oregon (1769-1888) and has been communicated 
to the California Academy of Sciences. These three publica- 
tions contain all the data which I have been able to collect, 
and I believe that no deductions of especial value can be drawn 
from the data except those which are there given. These 
statistics could, of course, be tabulated in several different ways 
but it is my opinion, from trials, that no important results not 
already given would follow. 

The examination of past records has naturally led to the 
consideration of the best manner of making future ones. The 
object of such records is to bring to light all the general facts 
as to distribution of earthquake shocks, as to topographic areas, 
as to time, as to average intensity, etc., and also to enable a 
study to be made of particular shocks,—as to velocity of transit, 
area of the disturbed region, intensity, etc. In order to study 
any of these questions with profit it is necessary to have some 
kind of a measure of the intensity of each earthquake shock. 
The most satisfactory instruments which I have seen for this 
purpose are those invented by Professor Ewing, F.R.S. These 
are devised on sound mechanical principles and are well con- 
structed by the Cambridge Scientific Company. 

It is necessary at the Lick Observatory to keep a register of 
all earthquake shocks in order to be able to control the ee per 
of the astronomical instruments. Accordingly I ordered a set 
of Professor Ewing’s instruments for the Observatory, which 
were delivered in 1887. They are described with woodcuts in 
Volume I of the Publications of the Observatory, (page 81), 


; 

My 


E. §. Holden—Earthquakes in California. 393 


and in the Hand Book of the Observatory, (page 54). The 
complete set of instruments will give for each shock the time 
of its beginning, and that of every tremor; the amplitude of 
the vibration in the east and west, the north and south, the up 
and down directions at every instant. Such a complete set of 
instruments requires continual attention and is far too delicate 
and troublesome in adjustment for general use. The Duplex 
Seismometer of Professor Ewing seems, however, to be well 
suited for general purposes. It gives with considerable accu- 
racy, the magnitude of the earthquake force in any two 
directions as east and west and north and south. The vertical 
component is not registered, and the time of occurrence must 
be taken from a watch. Copies of this instrument can be had 
from the California Electrical Works (35 Market street, San 
Francisco), for $15. It therefore seems to be a suitable pattern 
for use in California, and elsewhere, since it combines compar- 
ative accuracy, with cheapness. A complete set of Professor 
Ewing’s instruments, is provided as I have said, at the Lick 
Observatory. The duplex seismometers multiply four times ; 
while the vertical component is multiplied 1,5, times, the 
horizontal component 3%, times in the complete instrument. 
Another complete set, exactly similar, belongs to the Univer- 
sity of California, at Berkeley, and is installed at the Student’s 


Observatory there, under charge of Professor Soulé. This 
Observatory also has a Gray-Milne seismometer, complete. 
Copies of the duplex seismometer are set up also at the 
following stations : 


(1.) San Francisco, near Cliff House, residence of Hon. A. 
Sutro. 

(2.) San Francisco, 917 Pine street, residence of Hon. J. R. 
Jarboe. 

(3.) Chabot Observatory, Oakland, in charge of Mr. Burck- 
halter. 

(4.) Private Observatory of Mr. Blinn in East Oakland. 

(5.) Kono Tayee, Clear Lake, residence of Capt. R. 8S. Floyd. 

(6.) Observatory of University of the Pacific, San José, in 
charge of Professor Higbie. 

(7.) Students’ Observatory, Berkeley, in charge of Professor 
Soulé, 

(8.) One will be shortly installed at Smith Creek Hotel, at the 
foot of Mt. Hamilton. 

(9.) Office of State Weather Bureau, Carson, Nevada, in charge 
of Charles Freund, Esq. 


Copies of this instrument are also in possession of Warner 
and Swasey of Cleveland, and of Capt. C. E. Dutton, of the 
U. S. Geological Survey for experiments. I believe that one 
will be shortly mounted at the Blue Hill Observatory, near 
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Boston, Massachusetts. The Lick Observatory also possesses a 
seismometer invented by Professor Milne and kindly presented 
by him, which is designed to serve for general purposes. We 
have not thoroughly tested this as yet. It is simple in construc- 
tion, and inexpensive. A description of it may be found in 
Trans. Seis. Soc. of Japan, vol. xii. 

The instruments above named which are in California have 
been visited and adjusted by Mr. Keeler of the Observatory 
(who is in charge of our earthquake instruments), and the 
owners of these instruments have kindly reported the occur- 
rence of shocks, and have often sent blue prints or tracings of 
the records made. The reports of Mr Jarboe, Mr. Blinn, and 
Mr. Burckhalter have been especially full, as v will be seen from 
what follows. Wm. Irelan, Esq., Dr. J. B. Trembley of Oak- 
land, and U. S. Surveyor General Irish of Nevada, have kindly 
taken the pains to send accounts of all shocks. 

I have also copied from such newspapers as fell under my eye 
all data respecting California earthquakes. These are given 
in what follows, together with the results obtained from the 
various instruments. To make this record complete the reports 
of the U. S. Light House Board, of the U. 8S. Geological 
Survey, and the annual records of earthquakes given by 
Professor Rockwood in this Journal should be consulted. As 
these are available to all, I have not reprinted any data from 
them. It is intended in future years to continue such records 
as the present one. The extremely local character of some of 
these shocks is noteworthy. 


EARTHQUAKES IN CALIFORNIA, 1888. 


1888, January 7, 10:25 p. Mi—S. F. (11): Berkeley (IV),— 
at Berkeley a loud explosion.—Professor Kellogg. 

January 13, at night.—Berkeley, a slight shock (N.E.-S.W.) 
recorded on duplex seismometer (I? Tl? UI ?).—Professor 
Soulé. 

January 16, 11:39 Pp. M.—S. F.: single, short, sharp shock 
(IV).—E. S. H. (I have no other report of this, and it must 
therefore be regarded as 

January 17, 10:10 P. arnard. Oakland, 
from N.E. to 8. W. (III? “Iv 2). Edwards. 

January 26, ?—-Healdsburg, 10 sec. duration, 8. F. Chronicle, 
Jan. 28. (Total eclipse of the moon on January 28.) 

January 29, 10:35 Pp. m.—Carson, Nevada, a slight shock 
(IV to V) Grass V alley, Cal.: the same shock (I1).—Grass 
Valley Tidings, Feb 3 

January 30, 4:15 A. M.—S. F. [not reported in newspapers].— 

R. J. 
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February 18, 2:50 a. Mm—Fort Bragg: three severe shocks, 
(V ?); the first at 2:50, the other at intervals of one or two 
minutes. Mendocino: three shocks; the first at 2:55, the 
others at intervals of three or four minutes.—(S. F. Bulletin, 
February 18.) 

February ¢ about 4 A. Mi—Menlo Park: sleepers waked (V 
or VI).—J. T. Doyle, Esq. 

February 29, 2:51 p. Mi—S. F.: on Montgomery street, peo- 
ple alarmed (V); Pine and Mason streets, more severe, (VI) ; 
Washington and Mason streets, (VI). Two waves on duplex 
seismometer (917 Pine street.). The motion of the earth was 

a—N. 68° W. to S. 68° E. b—S. 56° E. to N. 56° W. 
The shock 6 was most severe. 

Berkeley: not felt, not registered.—Oakland: (II.)—Bel- 
mont: not felt—San Rafael: (IV or V) 2:48 p. u., E. to W.— 
Santa Rosa: 2:55 Pp. M., violent; people ran out of houses, 
(VI).—Petaluma: 2:55 p. M., walls cracked (VII) sound of an 
explosion heard. The severest for many years.— Healdsburg : 
2:44 Pp. M., light N. to S.—Martinez: 2:45 Pp. M., two shocks one 
minute apart (VI).—S. F. Alta, Chronicle, Bulletin, Feb. 
29th and Mar. 1. 

March 7, 7:54 A. M—Pasadena: 7:58 a. M., (VI); from 
N.W. to S.E., duration three seconds.\—Los Angeles: a little 
after 8 A. M. (VI)? “severest for 18 years; no damage to 
buildings,” no very heavy articles overturned (VI). [Note: 
on 1883, Sept. 5th, a shock (VI) was felt at Los Angeles, 
E. 8. H.]—San Diego: scarcely felt (II). (Pasadena Daily 
Star ; also 8. F. Alta, Chronicle, Mayr. 7, 8). 

March 28, 1:41 a. m—S. F.: slight shock, but sufficient to 
awaken a sleeper (V). Direction of shock nearly N. and &., 
on duplex seismometer, 917 Pine street. Professor Davidson 
says duration # second, and shock from W. to E.—S. F. 
Bulletin, Mar. 29. 

April 9, 7:50 A. Mi—Riverside: slight shock (IV) N.E. and 
S.W. (S. F. Bulletin, April 9, Chronicle, April 10.) 

April 12, about 5:15 a. M.— Riverside: the shock sufficient 
to waken sleepers (VI) with loud noises accompanying. Col- 
ton, 5:30 a. M. (S. F. Chronicle, April 13.) 

April 28, [8:45 p. M.|—On the Lick Observatory seismo- 
graph an earthquake record was found April 29. From the 
trace of this shock the following data are taken. The dimen- 
sions given below are to be divided by 3:3 for the Horizontal 
and by 1°6 for the Vertical components, to get the actnal earth 
movements. The times are given in seconds after a zero 
epoch arbitrarily assumed. The pen which marks the W. and 
E. components registered a line ;4; of a millimeter wide 
throughout. There appear to be widenings of this line as 
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early as fifteen seconds before the zero second adopted, but 
the amplitude of E. and W. tremors is never more than ,§, 
of a millimeter during the whole shock and the time of their 
beginning cannot be fixed. I presume we have here a case 
where the normal vibrations were strictly in an E. and W. 
plane. The transverse vibrations which arrived later are there- 
fore N. and S. and of their full size in the diagram. We may 
then dismiss all further consideration of the E. and W. wave. 
It had scarcely a measurable amplitude. At 0 seconds the N. 
and S. tremors begin to show; the whole record of the vertical 
component is lost till 17 seconds. 


At 8 sec. the earth moved S. of the neutral line 1™™ 
4 


1% 


and small tremors with a double amplitude of about $"™ (on 
the trace) continue till 66 seconds. 

The vertical component as recorded by the machine is given 
below : 


At 18 sec. the earth moved above the neutral line 1™™ 
19 below 
214 above 
23 below 


and tremors of not more than 3™" continue on the trace till 
about 56 seconds. 
We may assume for a basis of computation : 


Number of waves in 10 seconds =4, 
Period, about 2°5 seconds =T, 
Amplitude magnified, 1™™, a=0°3™, 
Velocity of projection =V= = 0°75, 
72 


Intensity = 1°90, 


which corresponds to about I on the Rossi-Forel scale. The 
period of these waves is very slow. 

April 28, 8:48 Pp. Mi— Reno (Nevada), a smart shock: three 
waves in 3 sec., followed by a general trembling for 10 sec. 


9 S. 
10 N. 
114 S. 
13 N. 
15 sé S. rT) 
16 N. 
18 S. 
N. 
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The time of the third and severest shock was 8 h. 48 m. 38 s. 
p. M. Direction S. to N. (letter from U.S. Surveyor General 
Irish). Two other observers say W. to E.—Grass Valley: felt 
in the Idaho mine below the 1600 ft. level, Alta, May 2d. 
Very heavy, lasting 5 sec., from E. to W. (Chronicle, April 30). 
—Grass Valley: the Orleans mine was flooded. The shock 
was at 8:45 Pp. M. and very heavy (VII). It was preceded by 
a loud noise. The duration was about 5 sec., and the wave 
was E. to W. Clocks stopped, plastering fell, and also tops of 
chimneys.—Nevada City: walls of courthouse cracked (VIII). 
—At Marysville, Downieville, Truckee, Colfax and Sacramento 
the shock was very strong (G. V. Zidings, April 30, May 2).— 
Nevada City: two severe shocks at 8:48 Pp. M. preceded by a 
deep rumbling sound. Direction N.—Dutch Flat; 8:46 Pp. M., 
severe from 8. to N. People were badly frightened.—Stock- 
ton: four shocks at 8:40, from N. to S.—Dixon, 8:45 p. M— 
Biggs: heavy shock “lasting 75 (?) seconds” [seven to five ? 
E. 8. H.], at 8:45 (VII) plastering cracked, ete.—Santa Rosa: 
slight shock at 8:45, N. and S. (IL1).—Truckee: 8:47, duration 
two seconds, (S. F. Examiner, April 29).—Oroville: 8:45 P. M. 
Short, quick shock.—S. F.: barely perceptible in third story 
of 917 Pine street. No record on duplex seismometer in 
basement (1). 

April 30, about 4 a. Mi—Grass Valley: Tidings, April 30. 
—Downieville: 3:40 a. M. two light shocks (IV), (S. F. Bud- 
letin, April 30). 

May 4, 1:55 p.m.—S. F., 917 Pine street, decided shock, 
not registered on duplex seismometer, J. R. J.—S. F., slight 
shock (II) of a few seconds duration, (Bulletin, May 4). 

May 6, 9 h. 42 m, 22s. Pp. M. (E. 8. H.).—Lick Observatory : 
sudden shock (III) E. 8. H., preceded by a rumbling noise 
(PorcHER.) (Registered on duplex seismometer). 

July 11, at night.—Susanville: slight shock (IV %), S. F. 
Bulletin, July 18. 

August 14, 9:57 a. M—S. F., 917 Pine st. Intensity (IJ) on 
R. F. scale. The duplex seismometer gives a looped trace on 
the plate (magnified four times) 7™™ N.N.E. to S.S.W. (diree- 
tion of first shock), 4™™ at right angles to this. The motion 
of the earth was therefore $.8.W. to N.N.E.—Lick Observa- 
tory: direction on the plate N.N.E., of the earth 8.S.W. The 
trace is a wavy line (magnified four times) 8"" long. N.N.E. 
and §.8.W. with six waves 1™ high at right angles to this. 
Probably the shock was nearly vertical here. 

September 10, 1:53 a. M.—S. F., 917 Pine street: slight shock 
(II) not registered on duplex seismometer, J. R. J.—Oakland: 
slight shock, C. Burekhalter. Three shocks at 1:50 a. M. in 
quick succession, attended by noise; windows did not rattle 
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(III?), Dr. Trembley. It waked sleepers in Oakland (V ?), E 
Booth.—Berkeley ; slight. 

September 15 ? —Lick Obsers yatory: the seismograph started 
at 6:15 A. M., but as the record was not like that of a shock, 
Mr. Keeler (in charge of the instrument) supposes the tremor 
which started the instrument to have been due to a high wind. 

September 17, 3:51 a. M.—Lick Observatory: The seismo- 
graph gives the following records (magnified 1°6 times for the 
vertical, 33 times for the horizontal components). At 3 
seconds after an assumed zero second, the vertical component 
began its trace with a wave of period about 14 seconds. The 
amplitude (on the trace) is hard to estimate but is probably not 
less than 5™™ for the first semi-wave, then about 1™ for a full 
wave, and after this mere tremors until about 40 seconds. The 
N. and 8S. component (magnified) was as follows: 


At 4°3 seconds the earth moved S. of the neutral line 5™™ 
N 


on to 


and tremors occasionally as large as #"™ continued until about 
40 seconds. 

The E. and W. component (magnified) was as follows 

At 4°3 seconds there was strong movement of the earth west 
of about 3™; this was followed by a wave of period about 1 
second double amplitude 2™"; and this again by another of 
period # second double amplitude 1™™. After this tremors 
continue for about 30 seconds. 

The strata of which Mt. Hamilton is composed lie at a high 
angle to the horizon and the direction of the stratification is 
nearer N. and S. than E.and W. The earthquake instruments 
are at the very summit of the mountain. This may account 
for the fact that (at least for the shocks so far observed) the 
vertical component is relatively large, and that the N. and 8. 
component (in the general direction of the stratification) is 
usually far larger than the E. and W. component. The record 
of this shock on the duplex seismometer is very interesting, 
but it gives no information additional to the above. 

We» may then assume as a basis of computation for this 
shock : 

Number of waves in 10 seconds =6 or 7, say 64. 

Period, T, of the representative wave =0°5 sec. 
Amplitude of the representative wave (magnified) =2°5™". 
= 0°8™, 


61 N. 24 

6°4 S. 14 

8-9 N. 13 
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27a 
—==10°0. 


Velocity of projection =— 


72 
Intensity = = 126. 


This corresponds approximately to V-VI on the Rossi-Forel 
scale, according to the table in this Journal, June, 1883, p. 429, 
which was derived from Japanese shocks. 

Chabot Observatory: the time of the shock is 3 h. 50 m. 
plus or minus one-quarter of a minute (W. Irelan, Esq.). It is 
registered on the duplex seismometer plate as follows. The 
first motion (of the pen, magnified four times) is 2™ to the W., 
then follow several small tremors towards the S.E. The mo- 
tion of the earth is of course in the reverse directions.—Lick 
Observatory, 3:51 A. M.: severe shock, lasting several seconds. 
Strong vertical component (VI to VII) observed by E. 8. H. 
Also on L. O. seismometer.—Gilroy, sharp shock: Santa Cruz, 
heavy, (S. F. Call, Sept. 18).—S. F., 917 Pine street: very 
slight, no record on seismometer, J. R. J. 

September 23, about 11:30 a. M.—S. F., 917 Pine street: 
very slight shock, J. R. J. 

October 3, 12:52 Pp. MM—San Miguel, S. L. O. Co.: light 
shock, 2 see. duration, N. to S. (III). Another at same place 
at 1:02 Pp. M., quite severe, N. to S., 4 sec. duration, no damage 
done (VI S. F. Chronicle, Oct. 4. 

October 4, P. Mi—Paso Robles: slight shock.—S. F. Report, 
October 5. 

October 4,11 Pp. MM—San Diego.—S. F. Bulletin, October 5. 

October 5, 4h. 41m. 30s.+10s. A. M—Chabot Observatory : 
the shock was sufficient to waken a sound sleeper (V1). On 
the duplex seismometer plate the trace begins with a tremu- 
lous motion toward the W., followed by two sharp jerks to the 
S. The motion of the earth is contrary to the motion of the 
plate. 

October 23¢—Lick Observatory: During Mr. Keeler’s ab- 
sence the earthquake instruments were in charge of Mr. Hill. 
On October 23, at 6 P. M., I noticed that the earthquake instru- 
ments were in their usual state. I also noted at 9 Pp. M., October 
24, that a shock had occurred previously. The clock dial of 
the earthquake clock is divided to 12 hours (instead of to 24 
hours as it should have been), and there is an ambiguity of 12 
hours in the time of the shock, which is either 

October 23, 11h. 42m. P. M., or October 24, 11h. 42m, A. M— 
The shock was sufficient to start the clock of the Ewing 
seismograph, but the plate did not move. The duplex 
seismometer plate shows a tremulous wave in the direction 
N.E. and S.W. 
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October 24, 2:50 a. M.—East Oakland: (V) Mr. Blinn’s 
Observatory. The duplex seismometer plate shows a trace 
from S. to N. in general direction. The first trace on the 
plate is that of a single wave about 2m. in amplitude 
(magnified four times) followed by small tremors.—Chabot 
Observatury : the plate of the duplex seismometer shows the 
first wave strongly towards the N.E. The trace of this wave 
(magnified four times) is a straight line 6™™ long. This is 
followed by two waves of the earth as it regained its original 
position. The motion of the earth is contrary to that of the 
pen on the plate. 

October 25, in the night.—Mr. Blinn’s Observatory. The 
duplex seismometer gives a tremor, and the general direction 
of the trace on the plate i is S.E. to N.W. 

November 4, 3:36 A. M—Lick Observatory (VI).—E. S. H. 
Mr. Barnard gives the time as 8h. 374m., plus or minus 4 m. 
The duplex seismomete: gives a very complex knot of curves 
ending by a trace on the plate towards the S.W. The trace on 
the Milne seismometer (in cellar of the Meridian Circle House) 
cannot be interpreted, as the instrument had just been set up 
and probably was not adjusted properly. 

November 18, 2:28 p. M.—S. F., 917 Pine street : two shocks 
north and south (VII) registered on seismometer. Another 
light shock at 5:38 p. Maa—J. R. J.—San Rafael: 2:30 P. m., 
N. and S.—Oakland : 2:29 Pp. M.; one chimney fell (VII ?).— 
Berkeley : 2:28 Pp. M.; duration 7 sec.; a third shock at 5:35 
(S. F. Examiner, Nov. 19.) 

Lick Observatory: not felt, not registered.—Chabot Obser- 
vatory: 2h. 27m. 58s., very sharp shock ; . 3:30, slight; 5h. 
37m. 20s., sharper than the second shock. The duration was 
3 sec. The trace on the duplex seismometer is a very com- 
plicated circular knot of 5 to 6™ diameter (magnified four 
times) with a looped excursion of the pen toward the east 
6""™ from the center of the knot, and another straight one 
from the center to the W.S.W , also of 6™, All three shocks 
are on this single plate-—In Oakland no real damage was done. 
Two or three chimneys were overthrown and panes of glass 
age broken dh or VIT ?).—East Oakland: 2:29 p. m., N. to 
S., duration 2 see:; 3:45 P. M., very light ; 5:36 P. m., E. to W., 
duration 2 see.—(S. Bulletin, Nov. 19).—Napa: 2:36 P. 
duration 10 sec.—S. F. Chronicle, Nov. 19.—Haywards, San 
Leandro, Niles: not felt.—Mr. Burekhalter.—Clear Lake: not 
felt. —Capt. R. 8S. Floyd. 

It is also reported by Capt. Edmundson of the ship “ Drum- 
lanrig,” that he found soundings of 35 fathoms, 35 miles S.W. 
of the Farallones where no shoal is now known to exist. This 
point will be determined by the proper authorities. It is 
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supposed by some that the shock of Nov. 18 may have pro- 
duced this shoal which is not down on the charts. 

East Oakland: Mr. Blinn’s Observatory. The first shock 
was severe (VI) lasting about two seconds. The time was very 
approximately 2h. 27m. 57s. (Blinn). Mr. Irelan gives 2h. 
27m. 54s. Trees and hedges were seen to move. <A few light 
articles were overthrown, pictures were displaced, a clock was 
stopped, (its pendulum was in the plane N.E. and S8.W.); 
chimneys were thrown down on 23d avenue ; a noise was heard 
after the first shock. The second shock was (II) at 3:48 Pp. M. 
The duplex seismometer trace is a loop about 1™™ in diametor. 
The third shock was (IIT) at 5h. 38m. 45s. Pp. M. The trace on 
the duplex seismometer begins in an ellipse 2™ E. and W,, 
1™™ N. and §., and then there is a confused record of tremb. 
ling 8™™ N.W. and S.E. by 1$™™ at right angles to this. 

December 11, 3:29 p. M.—Lick Observatory: the shock was 
sudden and (IV) in intensity. Time by watch 3h. 28m. 59s. ; 
by earthquake clock 3h. 29tm.—J. E. K. A humming noise 
was heard after the shocks. There were two such at an 
interval of 2 sec. The time of the last was 3h. 28m. 58s. plus 
or minus 3 sec.—E. E. B. Intensity (V), time 3:28.8.—E. S. H. 

The duplex seismometer gives a record (magnified) begin- 
ning with a sharp straight trace to the N.W. 3" long, then a 
straight trace to the N.E. 12"™ long, then a straight trace to 
the N.W. nearly 2™" long, and at the end of this the pen 
has recorded a confused tremor in a space about 1™" square. 
The record of the Ewing seismograph is as follows: (The 
adjustment of the marking pen for seconds has been changed 
so that there are 95 beats of the pen to 1 min. of time.) 

There are very slight vertical tremors for the first three 
beats; they then vanish completely. Their period is from } 
to 4 of asecond of time; their double amplitude is not above 
;3; of a millimeter. 

The east and west vibrations last only for two beats though 
the faintest perceptible tremor lasts until the twentieth beat 
after the beginning. Their greatest double amplitude is not 
above $a millimeter, and their period appears to be about $a 
second. 

The north and south vibrations are well marked. From the 
zero beat (beginning) until 14 beats there are marked tremors. 
From 1} beats to 4# beats vibrations having a double amplitude 
of about one-half a millimeter, and a period of about 4 to + of 
a second time. At the end of the 6th beat the marked tremors 
cease and a very faint tremor continues to the end of the 20th 
beat, and possibly to the end of the 33d beat. As a basis of 
computation we may assume from the record of the north and 
south component : 
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Double amplitude magnified 3°3 times =0°5™". 
T =0°3 seconds. 


This corresponds to about II on the R.-F. scale according to 
the paper frequently cited above. The intensity was, however, 
IV or higher. 


Art. XLII.—Chemical Action between Solids j* by WILLIAM 
HALLOCK. 


In a note on a new method of forming alloys published 
some time ago,+ I suggested some additional experiments which 
I intended to make, and I now give the results thus far obtained. 
Unfortunately other work prevents my continuing the investi- 
gation at present. 

Inasmuch as the method and principlet seemed well estab- 
lished where metals were used to produce alloys, an attempt 
was made to include some chemical reactions in the list. The 
most natural cases were the freezing mixtures where solid 
reagents are used. In order to surely have both constituents in 
a decidedly solid state the experiments were performed in a 
vessel cooled to a temperature of minus 10° or 12°C., care 
being always taken to leave the reagents in the vessel long 
enough for them to assume a temperature decidedly below zero 
Centigrade. Under these conditions a crystal of rock salt 
(NaCl) and a piece of clean dry ice were gently brought in 
contact, lying side by side on a watch glass. Of course the 
result was a solution of salt, but old as this experiment may be, 
it appears here in a new connection, as an example of the union 
of two solids below the melting point of either, but above that 
of the product. The piece of ice was frozen to the glass and 
during the operation the crystal was drawn several millimeters 
across the glass, doubtless by capillarity, as the solution ran out 
at the bottom of the surface of contact as fast as it formed, 
the attraction being sufficient to move a crystal several 
grams in weight. 

Similar experiments were performed with sodium and potas- 


* This paper was read in part before the Phil. Soc. of Washington, D.C. 
October 13th, 1888. 

+ W. Hallock, Zeitschr. f. Phys. Chem., ii, 6, 1888. Science, xi, 265, 1888. 

¢~ O. Lehmann Wiedemann Ann., xxiv, p. 5, 1885, suggested the theoretical 
possibility of producing an alloy in this way. I had overlooked his paper until 
recently. Mr. Lehmann, however, evidently did not consider it possible to fulfill 
the necessary conditions and did not try the experiment. 
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sium nitrate, potassium, calcium and ammonium chloride and 
sodium and potassium hydrate, with a similar result in all cases. 
These are all well known results, but wherein do they differ 
from the new method of forming alloys? This question sug- 
gests another. Are the metals combining to form an alloy in 
the new way a freezing mixture? <A thorough investigation 
of this question would require more complicated experiments 
than I had time to perform. One test, however, is very 
simple, that with potassium and sodium. 

Into a small porcelain crucible weighing 15 grams and 
containing about an equal weight of petroleum were placed 
pieces of the two metals, about 3 grams of each. One 
junction of a thermo-clement was forced into the piece of 
potassium and gave its temperature accurately. After the 
whole had sain the room temperature, clean faces of the 
two metals were brought in contact, the liquefaction began and 
the temperature immediately fell. It required about two 
hours to complete the liquefaction and about one and a half 
hours to attain the minimum of temperature. No precautions 
were taken to prevent the calorimeter taking up heat from its 
surroundings, and no doubt it absorbed considerable in the long 
time, and yet the maximum fal] in temperature amounted to 
24° C., very large considering the small weight of the reagents 
compared with the calorimeter. Thus it appears that sodium 
and potassium are, under such circumstances, a “ freezing mix- 
ture,’ and analogy at least would lead one to believe that 
other alloys also absorb heat in their formation; but future 
experiment must decide the point. 

In the cool vessel above described a piece of sodium or 
potassium was placed upon a piece of dry ice, almost instantly 
the reaction commenced and proceeded vigorously. It is, 
however, scarcely safe to consider this a case of chemical 
action between solids, because the reaction is probably as 
follows: the vapor from the ice attacks the metal forming the 
hydrate which unites with other ice forming a solution, which 
is then further acted upon by the metal, and in the whole 
process heat is generated sufficient to raise the temperature of 
the reagents very considerably. Perhaps in the other freezing 
mixtures, ice and salt, ete., it is the vapor of the water or ice 
which initiates the reaction. 

In view of these and other considerations, the idea is evident 
that perhaps many substances have a slight vapor tension at 
temperatures considerably below their melting points, and are 
surrounded by a thin atmosphere of their own vapor over their 
clean surfaces, and it is only necessary to bring two such atmo- 
spheres to interpenetration in order to initiate the reaction which 


AM. Jour. Sc1.—THirp Series, Vout, XXXVII, No. 221.—May, 1889. 
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will then continue, provided the product (liquid or gas) escapes 
easily and does not clog the operation. In very many cases 
substances are found to give off a vapor below their melting 
point, and it is natural to suppose that there is a film of that 
vapor over the surface of the body, as there is a layer of satu- 
rated air over water. The mechanical theory of the composition 
of matter lends plausibility to the above suggestion. If these 
considerations are correct they foretell the regelation of sub- 
stances like camphor and ice, without any pressure whatever. 
That loose pieces of camphor will become welded together by 
simple contact is well known. The operation appears to me 
thus: In an irregular mass of camphor in an atmosphere of 
camphor vapor, there is a constant interchange of state for 
the molecules at the surfaces of the solid, molecules previ- 
ously solid are getting too far off and becoming gas, and 
molecules previously gas are beating upon the solid and staying 
there, thus the state of equilibrium is when, as a whole, there 
are as many molecules which fly off and become gas as fly on and 
become solid. On a projecting point of the solid the chances 
are in favor of more flying off than on, in a reéntrant angle 
the reverse is true. Theoretically, then, the piece ought ulti- 
mately to become a sphere, not only by the rounding down of 
the corners, but by the building up of the flat or reéntrant 
sides. That the corners do round off all know. If this is all 
true we only need to bring the two pieces together and con- 
sider them as one and the crack between them as a reéntrant 
angle, and the union is brought about as above indicated. If 
in the above the word liquid be substituted for vapor or gas, 
the explanation will apply to the regelation of ice in water 
at 0° C. 

We may go even further and predict a uniting without act- 
ual contact and this prediction has been experimentally demon- 
strated in the case of ice and water. A large rough block of 
ice (about 15 lbs.) was sawed nearly in two, the slit washed out 
and all the fine pieces removed. In this way it was possible to 
hold two plane surfaces of ice parallel and near each other (1 to 
2™™) without danger of actual contact. Into the outer edge of 
the saw-cut a cotton wick was pressed, thus isolating the space 
between the faces from the outside and preventing any currents 
from circulating through the crack. The whole block was then 
placed in water at zero and enclosed in non-conducting cases 
and left for 25 to 30 hours. This experiment was tried three 
times and each time a freezing across the space had taken place. 
The whole space was not filled, but in numerous places notably 
along just inside the wicking and up from the bottom of the 
eut. No doubt the regelation would have gone further if the 
experiment could have been continued longer. The melting of 
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the whole block puts an end to each experiment. As these ex- 
periments were performed in summer there is scarcely a possi- 
bility that the ice was colder than 0° C. 

Inasmuch as there seems to be an increasing inclination to 
regard solutions and alloys as chemical compounds it seems 
justified to speak of the action according to the alloy law as 
chemical. On the other hand there are some cases which at 
first appear as chemical action between solids which upon closer 
investigation can be explained on a simpler assumption. 

For example, Mr. W. Spring* in a recent paper on this sub- 
ject cites three particular cases as being chemical action be- 
tween solids, the union of copper and sulphur, the reaction 
between copper and mercuric chloride, and between potassium 
nitrate and sodium acetate. 

The formation of the sulphide of copper, and other sulphides, 
was accomplished by Mr. Spring by compression of the ele- 
ments. But it is not even necessary that the sulphur and 
copper be in contact. I have made the sulphide at ordinary 
temperatures with the two an inch apart and a wad of cotton 
in the tube between them. It is simply the vapor of sulphur 
which attacks the copper. That sulphur gives off a perceptible 
vapor at ordinary temperatures, especially in vacuo, is a fact any 
one can easily demonstrate. The case of the copper and mer- 
curie chloride is precisely the same. The vapor of the chloride 
will go through a whole tube past cotton wads and attack the 
copper (or color potassic iodide). Hence we can scarcely assert 
that these reactions are between solid bodies. The reaction 
between potassium nitrate and sodium acetate is equally uncon- 
vincing. Mr. Spring expected an interchange of bases and 
acids and left the mixture of the dry fine powders four months 
in a desiccator to give time for the exchange. On removing 
them from the desiccator a deliquescence was noticeable and he 
therefore concludes that the interchange had taken place, since 
the original salts do not easily deliquesce; but the product of 
the reaction (potassium acetate) does. It appears to me thus: 
the moment the powders were brought to the air, the water 
vapor enters the operation and we have, potassium nitrate, water 
vapor, and sodium acetate, and the result of their mutual in- 
teraction is a solution of potassium acetate and sodium nitrate. 
In fact if the dry powdered salts are stirred together, in a very 
few moments deliquescence begins, showing that whatever the 
reaction it goes on at once, and is a matter of moments and 
not of months. Thus even this experiment in its present form 
does not convince us that a chemical exchange took place before 
the water vapor entered the reaction.t+ 


* W. Spring, Zeitschr. fiir phys. Chemie, ii, p, 536, 1888. 
+ See note on p. 406. 
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The question of chemical action between solids is by no 
means new but is being constantly extended. I may say I be- 
lieve chemical action may take place wherever the product or 
products are liquid or gaseous even though the reagents are solid. 
with perhaps the added condition that one or both the reagents 
be soluble in the liquid produced. If this be true my new 
method of forming alloys is but a special case of the above 
general principle.* 

Phys. Lab. U. S. Geological Survey, Washington, D. C. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND Puysics. 


1. Onthe Spectrum of Magnesium.—Liveine and Dewar have 
studied the spectrum of magnesium produced by the are dis- 
charge. Most of the lines produced by the spark discharge are 

_ observed in an electric are formed between electrodes of magne- 
sium. The greater number of lines seen in the are discharge, how- 
ever, may be due not to lowness of temperature but to the greater 
rmaass of incandescent matter and to a wider range of temperature 
at different portions of the discharge, recombinations occurring 
at its edge. The electric discharge itself may also give rise to 
vibrations distinct from those due to heat. The seven bands in 
the green are due to the oxide, as they are produced only in the 
presence of oxygen or of its compounds. Ifa piece of burned 
magnesium wire be heated in the oxyhydrogen flame, the 
spectrum of magnesium is produced, the metallic lines appearing 
if the hydrogen is in excess. The triple line near M, which is pro- 
duced when magnesium is burned, is found to be produced in the 
arc between magnesium electrodes and in many other cases when 
oxygen is present, but not in an atmosphere of nitrogen or hydro- 
gen; hence it is due to the oxide. Vacuum tubes are found to be 
very untrustworthy for the ultra-violet spectra as the water- 
spectrum and lines of nitrogen are nearly always present and the 
spectra sometimes vary unaccountably. The authors describe in 
their paper a pump in which rubber connections and free contact 
of mercury with air, are both avoided.—Proc. Roy. Soc., xliv, 
241; J. Chem. Soc., lvi, 89, February, 1889. F. 

2. On a Lecture Experiment for showing Raoult’s Molecular 
depression of the Freezing Point.—Crictan has described an 
apparatus for showing, as a lecture experiment, Raoult’s law of 
the lowering of the freezing point. A large test tube, 2°5 em. in 
diameter and 16 cm. high, is used to contain the solution, which 

* Experiments endeavoring to produce carbon disulphide from the elements at 
ordinary temperatures are in hand and give promise of positive results. Also ex- 
periments on: the interaction of potassium nitrate and sodium acetate have been 
started; it will however be sometime before further results can be given. 
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is placed in a large beaker and surrounded with a freezing mix- 
ture of ice and salt. Within this test tube is the bulb of an air 
thermometer cylindrical in form, 12 cm. long and 1°5 em. in diam- 
eter, the tube of which, about 10 cm. long and 1°5 mm. in bore, 
is bent twice at right angles, its end dipping in a vessel of colored 
water. Upon the larger upright portion of this tube two bulbs 
are blown to act as safety bulbs ; one near the top to prevent the 
liquid from passing over into the thermometer-cylinder on con- 
traction and the other near the bottom to prevent the escape of 
any air from the thermometer when it is heated. The freezing 
point of water is first obtained with the apparatus. For this pur- 
pose the test tube is filled with distilled water, the thermometer 
bulb inserted into it, the whole placed inthe freezing mixture and 
the water constantly agitated by means of a stirrer. The column 
of colored water rises in the tube as the cooling goes on, reaching 
at first a higher than the normal point, owing to surfusion, but 
suddenly falling to this as soon as the formation of ice begins, 
remaining then stationary. The motion of the column can be 
readily seen throughout an ordinary lecture room, the position of 
rise being indicated on an attached scale or marked with a slip of 
paper. If now the experiment be repeated with various solutions 
each containing in the same quantity of water (say 100 ¢. c¢.) 
molecular quantities of different organic substances, it will be 
observed that the height of the colored column, while approxi- 
mately the same in each case, is always greater than when pure 
water is used. With solutions of 34°2 grams cane sugar, 18°2 
grams mannite, 5°8 grams acetone, 6°0 grams glacial acetic acid, 
in 100 c. ec. water for example, the difference in height is several 
centimeters and is therefore visible from a considerable distance. 
The solutions may be prepared during the lectures and in this 
way it can be clearly demonstrated that isotonic solutions cause 
the same depression of the freezing point. The difference is 
greater if an electrolyte be used. In a solution of 5°85 grams 
sodium chloride in 100 ¢. ¢. water, this difference is nearly twice 
that obtained with the organic solutions.—Ber. Berl. Chem. 
Ges., xxii, 31, January, 1889. G. F. B. 

3. On Chydrazaine or Protoxide of Ammonia.—MauMENtE 
has described a gas obtained by the action of permanganic acid 
upon ammonium oxalate, to which he has given the formula 
N,H,O and the name chydrazaine. To prepare it, 158 grams of 
potassium permanganate, 141°2 grams crystallized ammonium 
oxalate and sulphuric acid equivalent to 40 grams SO,, are mixed 
in a flask holding 6 liters and heated to 100° on a water bath. A 
second inverted flask placed above the first acts as a condenser ; 
and a tube from this conducts the evolved gas into an acid where 
it is condensed, nitrogen only escaping. In the inverted flask 
beautiful crystals of chydrazaine bicarbonate are deposited. If 
hydrogen chloride be used to absorb the gas, the liquid yields 
on evaporation the hydrochlorate in minute crystals, very soluble 
in water, scarcely soluble in alcohol. The sublimed hydrochlorate 
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afforded on analysis the formula N,H,O(HCl),, but the crystals 
dried by means of the anhydrous salt, contained one-fifteenth of 
their weight of water. When mixed with platinic chloride, vari- 
ous double salts are obtained, according to the proportions. 
When the chydrazaine hydrochlorate is in excess a yellow salt is 
obtained, differing in appearance from the double salt of ammo- 
nium, and having the formula N,H,O.H,PtCl,. With an excess 
of the platinum chloride, the platinum in the salt is increased. 
The sulphate is obtained in minute crystals, soluble in water and 
in alcohol. Mixed with aluminum sulphate, it forms an alum 
crystallizing in octahedrons. The nitrate crystallizes readily ; 
but during evaporation, nitric acid, nitrous oxide, nitrogen and 
the substance H,N, are evolved.— Bull. Soc. Ch., Il, xlix, 850; 
J. Chem. Soc., lvi, 14, January, 1889. G. F. B. 
4, On a new Stannic acid.—Sprine has described a new 
stannic acid obtained by the action of barium peroxide upon stan- 
nous chloride. For this purpose a saturated solution of stannous 
chloride in water, containing hydrogen chloride, is treated with 
an.excess of barium peroxide at the ordinary temperature, the 
peroxide being produced by precipitating hydrogen peroxide 
with barium hydrate. A turbid liquid is obtained which eannot be 
obtained clear either by subsidence or filtration. By dialyzing 
out the barium chloride formed, which in the author’s experiments 
required three months, and by evaporating on the water bath, the 
white colloidal jelly becomes a white mass, corresponding on 
analysis to the formula H,Sn,O.. In the analysis both the water 
and the oxygen were directly determined. The author calls it 
hyperstannic acid and regards it as proof of the existence of 
hyperstannic oxide, SnO,.— Bull. Soc. Chem., I, li, 180, February, 
1889. G. F. B. 
5. On Ethyl Fluoride.—Motssan has produced ethyl fluoride 
by allowing ethyl iodide to drop slowly upon silver fluoride con- 
tained in a brass vessel, care being taken to moderate the tem- 
perature. By means of a lead worm above the vessel cooled to 
— 20°, the volatilized ethyl iodide is condensed and returned to the 
silver salt; the last traces of the iodide being removed by pass- 
ing the product over silver fluoride, and then collecting it over 
mercury. As thus obtained ethyl! fluoride is a colorless gas of 
specific gravity 1°70, having an agreeable ethereal odor. Under 
normal pressure it liquefies at —48°, and under eight atmospheres 
at 19°. By suddenly diminishing the pressure it may be solidi- 
fied. Water dissolves 1°98 volumes of it at 14°. .Ethyl iodide 
dissolves 14°8 volumes. Ethyl bromide, ether and alcohol also 
dissolve it freely, the gas being expelled unaltered on heating. 
The gas is dissolved also by concentrated sulphuric acid. It 
burns with a blue flame which becomes green when small quanti- 
ties of methyl or ethyl chloride are present. When mixed with 
a small quantity of oxygen it burns with a bright flame; with 
an excess of oxygen it explodes violently when ignited. Heated 
to 108° in sealed tubes with potash solution it yields potassium 
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fluoride, alcohol and ether. Chlorine has no action on ethyl 
fluoride in the dark.—-C. R., evii, 260; J. Chem. Soc., liv, 1262, 
December, 1888. G. F. B. 

6. Chemical Lecture Notes; by Prrer T. Austen, Ph.D., 
F.C.S., etc. 12mo, pp. 98. New York, 1888 (John Wiley & 
Sons).—This little book, as the author tells us in his preface, is 
“simply a collection of notes and observations on certain topics 
which experience as a teacher has shown me often give the stu- 
dent more or less trouble.” Although, as he says, “ no particular 
order has been observed in the arrangement of the topics,” yet 
the information given seems accurate, and the book is likely to be 
of use for those for whom it is intended. G. F. B. 

7. An Elementary Text-book of Chemistry ; by Wm. G. Mrx- 
TER, Professor Chem. Sheffield Scientific School of Yale Univer- 
sity. 459 pp.12mo. New York (John Wiley & Sons).—This 
elementary work on Chemistry, prepared by Professor Mixter for 
use in schools and colleges, presents the general facts and princi- 
ples of the science under a succinct form and a sensible arrange- 
ment well adapted for its purpose. After brief explanations of 
the subjects connected with the physics of chemistry, including 
crystallography, it introduces the student gradually to the prin- 
ciples of chemistry through descriptions of some of the more com- 
mon elements and their compounds, along with directions for sim- 
ple chemical experiments. By this means the way is prepared for 
understanding the explanations of principles as they are succes- 
sively brought out, and the definitions of atomic weight, valence, 
bases, acids, salts. Finally, in the closing chapters of the volume, 
after the elements and their more prominent compounds have 
been described, the Atomic Theory and the Periodic law in 
atomic weights are explained. The volume is handsomely printed 
and the illustrations are excellent. 

8. Rays of Electric Force.-—The experiments of Herrz con- 
tinue to excite great attention in Europe. He has lately repeated 
his experiments with oscillations ten times as rapid as those he 
formerly employed and with waves more than ten times as short 
as those first discovered. He has succeeded in producing distinct 
rays of electric force and has repeated the elementary experi- 
ments of light and radiant heat, such as reflection, refraction, and 
polarization.—Annalen der Physik, No. 3, 1889. J. T. 

9. Rotation of plane of polarization of light by the discharge 
of a Leyden jar—Dr. OxrtverR Lope takes a piece of heavy 
glass (or a tube of CS, a yard long) and surrounds it by four 
large helices containing about 80 yards of gutta percha covered 
wire, No. 16. On passing the discharge from a battery of 
several jars and having arranged suitable polarizing arrange- 
ments, the field flashes out in a brilliant manner. The effect 
increases in direct proportion to the capacity of the Leyden jars 
employed. It was found that CS, was able to show the effect 
when the alternations of the spark were 70,000 per second. The 
effect is practically instantaneous. The analyser of the polarizing 
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apparatus is set to as near darkness as possible. The trace of 
residual light is received upon a rotating mirror, by which it is 
spread out into a faint band; on then sending sparks through the 
coil round the tube of CS, the band brightens and presents a 
distinctly beaded appearance at every spark. Rotating the 
analyzer a little, every alternate bead grows fainter, while the 
other alternate ones brighten, thus proving most directly the 
_oscillatory character of the light and of the Leyden jar discharge. 
—Phil. Mag., April, 1889, pp. 339-349. 2 
10. On Limit to Interference when Light is radiated from 
pagan. 4 Molecules.—In the Annalen der Physik und C hemie, No. 
, 1889, Eserr discusses the application of Doppler’s principle 
to the radiation from the moving molecules of an incandescent 
gas and arrives at the conclusion that the widths of the spectral 
lines, calculated upon the basis of the principle, are much greater 
than is consistent with experiments upon interference with a 
large relative retardation. Lord RayLreien remarks “that unless 
this discrepancy can be explained the dynamical theory of gases 
has’ received a heavy blow from which it could with difficulty 
recover. If it be true that a gas consists of molecules in irregular 
motion, and that for the most part each molecule radiates inde- 
pendently, there seems no escape from the conclusion that the 
character of the aggregate radiation must be governed by Dop- 
pler’s principle.” Lord Rayleigh therefore examines the subject 
from a mathematical point of view, and does not find the dis- 
crepancy pointed out by Ebert. In the analysis Lord Rayleigh, 
however, acknowledges that certain assumptions have been made, 
and regards the question of very great interest and trusts that 
Ebert will continue his research.— Phil. Mag., April, 1889, pp. 
Selective Reflection by Metals.—At a meeting of the Phys- 
m, Society in Berlin, March 8, Dr. Reupens described some 
experiments upon this subject. The light emitted from an iu- 
candescent plate of zirconium was concentrated by a lens on a 
mirror surface of the metal under investigation, and the reflected 
rays were then allowed to fall into a spectroscope with flint glass 
prism, whose eye-piece had been replaced by a bolometer. The 
mirror was then replaced by the glowing zirconium, in such a 
way that the rays of light coming from the point previously 
occupied by the mirror pursued the same course as in the first 
experiment. The intensity of light was measured from near F, 
in the blue, to 2y in the red. It was found that silver possesses 
for biue rays a very considerable reflective power, which reaches 
its maximum in the red and remains constant for rays of the 
greatest wave-length. Gold possesses a much smaller reflective 
power for blue and green rays; this rises to a maximum in the 
yellow and falls toward the red. Copper reflects the blue and 
green rays even less than gold does; its reflective power increases 
rapidly into the red, and then somewhat more slowly. In the 
ultra red it reaches the point of silver. Iron and nickel gz.ve very 
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similar curves without reaching the maximum points attained by 
gold and silver. It is possible to deduce the dispersive power of 
the metals and to compare their indices of refraction with those 
experimentally determined by Kundt. The agreement has been 
found in most cases to be close.—Nuture, April 4, 1889, p. 552. 


Il. AND MINERALOGY. 


1. Recent discoveries in the Carboniferous Flora and Fauna of 
Rhode Island.—During the past spring (1888) the museum of 
Brown University was enriched by the donation of a valuable 
collection of fossil plants presented by the Rev. Edgar F. Clarke 
of Providence, R. I., who found them in a thin layer of car- 
bonaceous shale at Pawtucket. These were sent to Prof. Leo 
Lesquereux for identification.* Besides the plants, several fossil 
cockroaches of two genera, and the remains of an Arthrogastrous 
Arachnidan of the genus Architarbus, have been found by Mr. 
Henry Skolfield and others in the Pawtucket bed. These are in 
Mr. Seudder’s hands for description. In addition Mr, Skolfield 
has been fortunate enough to discover in the same beds the 
impression of an Annelid worm, several shells of Spirorbis, and 
what appears to be the track of a gastropod molluse; he has 
kindly placed these in the hands of the writer for examination, 

It will be remembered that until very recently no animal 
remains had been known to exist in the beds of the Rhode Island 
coal basin, but now, chiefly through the zeal and industry of Mr. 
Clarke, there have been discovered representatives of the class of 
worms, molluses, arachnids and insects; while the age of the 
beds has been established with a greater degree of certainty than 
ever before. Mr. Lesquereux, in a letter to the undersigned, 
remarks: “These specimens taken altogether are interesting as 
indicating, more ‘than any other lot of fossil plants of Rhode 
Island I have seen, the stratigraphical relation of your coal strata 
to those of the part of the Anthracite measures of Pennsylvania, 
where, even, I have not observed such a predominance of species 
ot Odontopteris, typically allied to those described by Fontaine 
and White from the Upper Carboniferous of Pennsylvania.” 

Providence, Aug. 18, 1888, A. S. PACKARD. 

2. Annual Report of the Geological Survey of Arkansas for 
1888; by Jonn C. Branner, Ph.D., State Geologist. 320 pp. 
8 vo. Little Rock, Arkansas, 1888.—The first volume of this 
Geological Report, contains, besides the administrative report of 
Professor Branner, a report on the geology, and especially the 
economic geology, of the central western part of Arkansas by Dr. 
T. B. Comstock. The geological results are mostly deferred to 
another volume, while the various mining regions and their 
products are described with fullness) Two maps accompany 


* The list of plants received from Prof. Packard will be found on page 229 of 
this volume. This note should have accompanied it. 
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the report, showing the positions of mines, hot springs, and gen- 
eral features of the country, and also give the courses of a num- 
ber of anticlines in the stratified rocks. The course on the 
map for the principal system of anticlines is about N 75° E, and 
for another, in Garland Co., less prominent about N 20° E. The 
interesting fact is brought out that black shales and earth in 
Garland, Montgomery, Hot Spring and Polk counties, in which 
thermal springs formerly existed, contain much graphite, and 
that the graphitic earth is used in paint manufacture. The valu- 
able report closes with a list of the minerals in central western 
Arkansas. This first volume is to be followed by three others : the 
second, by Prof. R. T. Hill, on the Mesozoic geology; the third, 
by Mr. A. Winslow, on the geology of a part of the Coal re- 
gions; and a fourth, to consist of reports on Little Rock, Magnet 
Cove and other localities, besides a chemical and a topographical 
report. 

3. The Cretaceous and Tertiary Geology of the Sergipe- 
Alagéas basin of Brazil ; by Joun C. Branner, Ph.D. pp. 369 
to 434 of vol. xvi of Trans, ‘Amer. Phil. Soc., 1889, with Plates I 
to V.—This valuable memoir by Dr. Branner is based on obser- 

vations made by him in the years 1875, 1876, while assistant 
geologist in the Geological Survey of Brazil. The author favors 
the view that the Mesozoic rocks of the region are Cretaceous, 
and identical with the coastal Cretaceous, opposing the view of 
Mr. Derby. The Tertiary sand-beds are described as in part 
changed to quartzyte; not by ordinary metamorphic methods, 
but as a result of weathering or through the action of the rains 
and heat of the climate. The solid “ ‘glassy quartzyte” in some 
places projected out in blocks, when but a few feet within the 
material was only sand partially consolidated, and in the interval 
the firmness increased toward the surface. 

4. Tertiary Volcanoes of the Western Isles of Scotland.— 
Prof. J. W. Judd has a notice of Dr. Geikie’s memoir on this 
subject in the Geological Magazine for February, on p. 91. He 
refers to the views in his paper of 1874, on the Ancient Volcanoes 
of the Highlands, and states that while Dr. Geikie agrees with 
him in several of his conclusions, he does not in two, he holding 
(1) that the ejection of the “felstone” lavas and the intrusion 
of the granites preceded the appearance of the basalts and 
gabbros ;” and (2) “that the five centers of eruption mark the 
sites of as many great volcanic cones now ruined and dissected 
by denudation.” In opposition to the latter view, Dr. Judd 
pointed out in his paper, as he states, “that the numbers and 
dimensions of the Tertiary dykes are not such as would warrant 
us in inferring that they formed the conduits through which the 
enormous masses of lava forming the plateaus were erupted ; and 
the absence of all proofs of contact-metamorphism at their sides, 
and of evidence that the majority of them ever reached the 
surface at all was commented on.” He adds that in “1874 he 
further pointed out that some of these dykes appear to mark the 
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radial fissures on which sporadic cones (“puys”) were thrown 
up, after the great central volcanoes became extinct; and this is 
supported by the circumstance of the close analogies between 
the materials erupted at this later period and the rocks which 
constitute some of the undoubtedly post-Mesozoic dykes.” Prof. 
Judd, in this notice, also alludes to the fact that the volcanoes of 
the Hawaiian Islands favor his views on this point. 

5. Nummulites up the Indus valley at a height of 19,000 feet.— 
According to observations by T. D. La Fouche, of the Geologi- 
cal survey of India, a Nummulitic limestone occurs in Zanskér at 
a height of 19,000 feet. He found the rock on crossing the 
Singhe 1a (Singala of the Survey Map), in the region where they 
had been reported to exist by Dr. T. Thomson in 1852. He first 
came upon them in loose blocks of a dark gray limestone at Lin- 
shot, at a height of 12,850 feet, on the southern slopes of the 
range, and followed them up the cliffs on the west of the pass. 
He found the nummulites iz situ “at an altitude of 18,500 feet, at 
the base of two precipitously-scarped masses, rising 500 or 600 feet 
higher and forming the summit of the peak.” The rock, to the 
top, “ consisted of layers from a few inches to over a foot in thick- 
ness of the same black fetid limestone that was found in the 
talus below.” The beds rest on quartzite, with shales below and 
are much flexed. ‘It is thus proved that in middle Eocene times 
the southern shore-line of the Tertiary sea (occupying what is 
now the Indus valley) extended far south and included the 
Singhe 14.”—Ree. G. Surv. India, xxi, 160, 1888. 

6. Sand-drift rock-sculpture.—R. D. Oldham states that many 
examples of sand-drift sculpturing occur in India, in the desert 
region between the Aravalis and the Indus. He remarks that 
the sculpturing differs from that of glaciers in consisting of 
numerous broad and shallow grooves, deepest at the end from 
which the wind blows. The grooves on a conglomerate quartzyte 
are an eighth of an inch wide and less, and cross pebbles and the 
finer parts alike without interruption. On limestone, near Jes- 
salmer, they are two to three yards long and four to six inches 
broad.— Ree. G. Survey of India, xxi, 159, 1888. 

7. Catalogue of Fossil Cephalopoda in the British Museum. 
Part I, containing part of the suborder Nautiloidea ; by ArruuR 
H. Foorp, F.G.S. 344 pp. 8vo. London.—The author, besides 
presenting lists of species with synonymy and full references, 
gives descriptions with over 50 woodcuts, and has a valuable 
introduction on classification and other general topics in which 
the views of Hyatt and others are mentioned. This museum 
catalogue is consequently a convenient manual on the fossil 
Nautiloids. 

8. The Nature and Origin of Deposits of Phosphate of Lime ; 
by R. A. F. Penrosz, Jr., with introduction by Prof. N. S. 
Shaler. Bulletin No. 46, United States Geological Survey, 
Washington, D. C., 1889. The introduction to this memoir, by 
Professor Shaler, gives a general sketch of the value of phos- 
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phate of lime, of its occurrence in different geological horizons 
and of its increasing importance in agriculture. Dr. Penrose’s 
paper is intended to show in a condensed form the mode of occur- 
rence and the theories as to the origin of phosphate deposits with 
the object, not only of advancing the scientific study of this 
interesting subject, but also to facilitate the search for deposits of 
the different kinds of phosphatic minerals. The various deposits 
are first classified as Mineral Phosphates and Rock Phosphates. 
These headings are again divided into other sub-classes to include 
the various forms of apatite, phosphorite, nodular phosphates, 
phosphatic limestones, guano and bone beds. Under mineral 
phosphates he begins with an extended account of Canadian apa- 
tite and gives numerous diagrams, illustrating the mode of occur- 
rence of the mineral; then follow descriptions of the apatites of 
Norway and Spain, and the phosphorites of Nassau, Southwestern 
France and Spain, with several illustrations. Under rock phos- 
phates are described the celebrated South Carolina phosphate 
deposits, those of North Carolina, Alabama, Wales, England, 
France, Belgium, Russia and other places. Then comes a de- 
scription of the guanos of the coasts of South America, Africa, 
Arabia, Australia and other places, as well as of the islands of the 
Pacific Ocean, the West Indies and the Gulf of California, with a 
notice of the bat guanos of America and Europe and the local 
deposits of bone beds. 

The article ends with an extended bibliography on phosphates. 
The work contains many illustrations, maps and analyses. 

R. T. HILL. 

9. On the Fulgurites of Mt. Viso; ¥. Rutiey, F.G.S.—Mt. Viso 
is 12,680 feet in height. The fulgurites described by Mr. Rutley 
have a surface ploughed out by the lightning, with curved and 
branching semi-cylindrical furrows from } to z!5 of an inch in 
diameter. The tubes are lined with fulgurite glass, and this glass 
proved, on careful microscope study, to contain microlites of dif- 
ferent forms instead of being perfectly clear as in other fulgurites 
studied by the author. The rock is a glaucophane schist. 

10. Scheelite from Idaho.—Tungstate of lime occurs, massive, 
in an auriferous quartz vein near the town of Murray, Idaho Ter- 
ritory, on the western slope of the Coeur d’Alene Mountains. 

WM. P. BLAKE. 

11. Hiilfstabellen zur mikroskopischen Mineralbestimmung in 
Gesteinen zusammengestellt von H. Rosensuscu.—These ad- 
mirably arranged tables giving all the needed characters of 
rock-making minerals will be of great service to workers in 
petrography, supplementing in a very useful way the author’s 
large treatise. 

12. Les Minéraux des Roches par A. Micnet Livy and A. 
Lacrorx, 334 pp. 8 vo. Paris, 1888.—Students of microscopical 
mineralogy need not now be at a loss to find text-books, with the 
many excellent works that have been recently placed at their 
disposal. This new volume is one of the most original, and con- 
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tains much new matter both in the theoretical portion prepared 
by M. Lévy, and in the second half, prepared by both authors, 
which gives the physical and optical data for all important 
species. It should be in hands of all workers in this subject. 


Ill. Borany. 


1. Contributions to American Botany, XV1; by S—ERENo Wat- 
SON, oe of Am. Acad. of Arts and Sciences, vol. xxiv, 
pp. 52. Upon a collection of plants made by Dr. E. Palmer, in 
1887, a Guaymas, Mexico, at Muleje and Los Angeles Bay 
in Lower California and on the Island of San Pedro Martin in the 
Gulf of California. 2. Descriptions of some new species of plants, 
chiefly Californian, with miscellaneous notes.—Dr, Watson states 
that of the 415 native species collected by Dr. Palmer, 89, or 
more than one-fifth, are wholly new and many others are of great 
interest in various respects. “ The larger part of the collection 
was made about Guaymas itself, which town lies on the eastern 
side of the Gulf of California, in the State of Sonora, in lat. 28° N. 
and 250 miles south of the United States boundary. It is hemmed 
in closely by very rocky hills and low mountains (of 1200 to 
1500 feet altitude) intersected by narrow valleys. The artificially 
watered gardens, with their irrigating ditches and brush fences, 
protecting and favoring the growth of numerous native plants, 
the rocky islands in the harbor, and the valleys and mountains 
around, were all alike searched. Dr. Palmer remained here from 
the middle of June to the middle of November, during which 
time there were only occasional slight showers, which commenced 
in August. The species obtained here numbered 283, of which 
40 were also found in other localities... . The characteristics 
of the flora of the region bordering on the Gulf of California, so 
far as shown by this collection, are for the most part those com- 
mon to the flora of the whole arid region of the interior, from 
southeastern California, Arizona, and New Mexico southward into 
Mexico, distinct in a great measure from that of California proper 
on the one side, and that of the Gulf States on the other. . . 
The proportion in which the several orders are represented 
in the collection is somewhat remarkable. Of the 415 species, 
one-fourth are equally divided between the Graminex (50) and 
the Composite (50). Another fourth includes only the four 
orders Leguminosze (44), Euphorbiaces (32), Malvacez (17), 
and Solanacer (15). These are followed by the Nyctaginacez 
(15), Convolvulacee (13), Asclepiadaces (10), and 53 other 
orders with still fewer species. The important orders Ranuncu- 
lace, Rosacer, Saxifragacee, Umbelliferee, Ericacesr, Cupulif- 
ere, Conifers, and Orchidacez are wholly unrepresented.” 

The second paper mentioned above gives descriptions of ten 
new species. The extent of Dr. Watson’s contributions to North 
American Botany can be understood when attention is called to 
the fact that these two communications, which contain descrip- 
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tions of about one hundred species new to science, comprise 
only one-tenth of all the well-characterized species which he 
has added. G. L. G. 

2. Key to the System of Victorian Plants, 1; by Baron Ferrp. 
von MvuELLER, [ Melbourne, 1887-88. pp. 559,12mo, With map]. 
Part 2 of this useful work was published in 1885, and comprised 
an enumeration of the native species arranged under genera and 
orders, with annotations of their regional distribution, and with 
152 illustrations on wood. 

The part which has just come to hand gives a dichotomous 
arrangement of the orders, genera and species of the native plants, 
with annotations of their primary distinctions and supporting 
characteristics. The whole work is marked by two important 
features, (1) there are extremely few abbreviations in the treatise, 
even where abbreviations could have been used to economise 
space without endangering clearness, (2) some of the technical 
terms differ from those generally in vogue. Among these terms 
may be mentioned the following,—ovulary for ovary, albument 
for albumen, /airlet for hair, placentary for placenta, etc. These 
organographic alterations introduced “into these pages for the 
first time, in contrast to zoologic terms have been ventured on 
only tentatively, but from a desire of the author to simplify the 
wordings for organs of plants in a book written especially for 
almost a new country and particularly for the juvenile portion of 
its population.” It is difficult to see why such zoological terms 
as ovary, hair, and albumen should have been changed for the 
sake of contrast, while the following should have been retained,— 
valve, lobe, membrane, and filament. 

The arrangement of the key is exceedingly convenient, and 
enables a student to trace out the name of a plant with great 
rapidity. At the end of the volume there is a list of plants 
“hitherto immigrated and naturalized in Victoria, with indications 
of their nativity and English popular names.” A few of these 
200 plants are noted as coming from Asia, or from Africa, or from 
Europe, but almost all have placed against their names the three 
countries with no specific assignment: 23 of the list are given as 
coming from America. A second table gives the vernacular names 
of indigenous plants. Here we get the names, “ Wattle,” “ Mal- 
lee,” “Currajong,” ete., and also some given off-hand by the 
settlers, “ Wooly Butt,” “Stringy-bark,” “ Pig-face,” “ Double- 
tail,” and “Sand-stay,” while by far the greater number merely 
echo the familiar names which the settlers have brought from 
home, such as “ Avens,” Rib-herb,” and the like. 

It is with an ever fresh surprise that one reads in these lists of 
plants supposed to be indigenous, such names as Myosurus mini- 
mus, Cakile maritima, Potentilla anserina, Verbena officinalis, etc. 
It is certain that the geographical botanist of the future will re- 
vise many of these decisions and assign to such plants some date 
of an earlier introduction, and withdraw them from the catalogue 
of indigenous plants. The strenuous efforts which Baron von 
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Mueller has continually made to popularize the study of Botany 
in Victoria must certainly be followed by happy results. It is to 
be hoped that this his latest work in this direction will be pro- 
ductive of an increased interest in the life history of the plants of 
the southern continent. G. L. G. 

3. Revision of North American Umbellifere ; by J. M. 
CoutrerR and J. N. Rose, i888. pp. 144 and pl. ix.—In this work 
the authors have given us a sufficient account of the structural 
peculiarities of the family, together with a systematic analysis of 
the genera, accompanied by illustrations of cross sections of the 
fruit. An artificial analysis supplements the treatise, This con- 
tribution, part of which has already come before the public in 
installments in the Botanical Gazette, will be very welcome to all 
botanists in its completed form. G. L. G. 

4. Flora Italiana, vol. viii. Florence, March 1889.—We 
have here Professor Caruel’s examination of part of the Order 
Umbelliferee. There are descriptions of 221 species, in many cases 
with pretty full accounts of the geographical distribution. He 
divides the 63 genera represented, into seven groups. The 
present volume closes with the genus Caucalis, leaving two more 
genera to complete the treatment of the family. G. L. G. 

5. Diagnoses plantarum novarum asiaticarum, VIL. C. J. 
Maximowicz. (Bulletin de l’Acad. imperiale des sciences de St. 
Petersbourg, t. xii.)—Attention is called to the critical study given 
by the author to the 250 species of Pedicularis and the illustra- 
tions of 115 of them. The communication possesses great interest 
not only to the systematic botanist but to those who are engaged 
in the investigation of adaptive characters of the flower. 

G. L. G. 

6. The Orchids of the Cape Peninsula; by Harry Bouuvs, 
F.L.S. [Cape Town, 1888, (Trans. South African Philosophical 
Society, vol. v, part I, pp. 125, 36 plates, some of them colored 
in part.) ]—The area of the Cape Peninsula, as here restricted, is 
about 200 square miles, and contains 1750 species of plants, of 
which 102 are orchids. In the relative richness of its vegetation 
in orchids it is said to be surpassed only by some portions of 
Australia, Only one of the 102 species has yet been detected 
beyond the limits of South Africa, namely, Ziparis Capensis, in 
the Cameroons Mountains, where it is said that some other typical 
Cape plants have been detected. Thirty-three of these species 
are confined to the Cape Peninsula, although many of them will 
perhaps be found outside of its narrow limits as exploration pro- 
ceeds. The amazing abundance of these highly specialized plants 
in an area less than one-sixth of that of the State of Rhode Island, 
renders this a field of exceptional character for a biologist. Mr. 
Bolus has given us a useful systematic handbook of the Cape 
Orchids, with no attempt at present to deal with the biological 
questions involved. While he has placed botanists under great 
obligations by this systematic work he leads them to ask whether 
he cannot, better than any one else, give the life-histories of the 
more interesting species. G. L. G. 
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Handbook of the Amuaryllidee, including the Aistreemerica 
and Agavee ; by J. G. Baker, F.R.S., [London, 1888, 8vo, 
pp. 216.]—In his long service at Kew, the first assistant in the 
Herbarium has had exceptional opportunities for studying the 
plants of this order in their living state. The handbook which he 
now publishes comprises the notes which have been long accu- 
mulating, together with many which he has published from time to 
time in current journals. The number of species included is not 
far from 700, and of genera 61. Two orders assigned to Amaryl- 
lidew are omitted, namely, Hypoxide, containing 66, and Vel- 
losiez, 68 species. Of the species here described, about 250 are 
Old-world species in 31 genera, and 450 are New-world species in 
30 genera. The author has not taken up to any great extent the 
garden hybrids which are so abundant in this order, nor has he 
alluded to the cultivation of the species, but the work is of great 
use to cultivators as well as to working botanists. G. L. G. 

8. Synoptical List of North American Species of Ceanothus ; 
by Wm. Tretease. (Contrib. from Shaw School of Botany. 
No.4. June 15, 1888, pp. 13).— Ceanothus L.; by C. C. Parry, 
(Davenport Acad. of Nat. Sci., read Dec. 28, 1888, pp. 13).—Dr. 
Parry’s revision of this genus differs in many particulars from 
that by Professor Trelease. Both the communications are impor- 
tant contributions to systematic botany and serve, besides, to 
show how differently two conscientious students may regard the 
same problem. A comparison of the two papers brings up again 
the question of how far adaptive characters are to be considered 
in the determination of affinities: the adaptive characters being, 
of course, those which press themselves most prominently upon 
the attention in the field. 

In Dr. Parry’s paper there is given an interesting addition to 
the list of projectile fruits which we copy entire. “The fruit, 
which so strongly simulates in external appearance some of the 
Euphorbiaceous genera as to have suggested a near relationship, 
though not carried out in other points, varies considerably in size, 
its smooth or resinously coated exocarp and its accessory appen- 
dages, but has otherwise very uniform characters of seed and 
pericarp. A fact not often noticed, but which is probably more 
or less true of all species, is that the rigid cocci, when re- 
leased from their attachment to the indurated dise, expel their 
smooth-coated seeds through the ventral slit with consider: able 
force. I have had occasion lately to notice this, even in herba- 
rium specimens of nearly mature fruit, which, when brought into 
@ warm apartment, revealed their explosive nature by a continu- 
ous fusilade, till the ammunition was all expended and the frag- 
ments of the rupture d pericarp alone left to determine their carp- 
ological features. The manifest utility of this provision for dis- 
seminating seeds will largely account for the gregarious habit of 
most of the species, and no doubt, also serves as a protection 
against the aggression of omnivorous rodents.” G. L. G. 
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9. On the multiplication of Bryophyllum calycinum.—Dr. B. 
W. Barton, of Baltimore, in an interesting preliminary communi- 
cation respecting this subject, calls attention to the fact that the 
leaves of a plant under cultivation which grew well during the 
summer, fell during the month of September. But, instead of 
withering before their fall, these leaves remained plump and green 
up to the very last, whereas the leaves of our ordinary plants are 
emptied of their protoplasm before they are detached. These 
fresh leaves in about ten days after they were separated gave 
rise to buds and a fine crop of healthy plants. Dr. Barton asks 
whether the time of defoliation may be related to the time of oc- 
currence of hurricanes in the tropics. 

10. Enumeratio Plantarum Guatemalensium imprimis a H. 
DeTuerckheim collectarum quas edidit John Donnell Smith. 
Pars I. (Oquawka, IIl., 1889).—Mr. J. Donnell Smith, of Bal- 
timore, has been engaged for some years in the elucidation of the 
flora of Central America. The present list is one of the results 
of that study. Mr. Smith is at this time making a botanical 
journey in Guatemala. G.L.G. | 

11. Journal of André Michaux, 1787-1796. (Proceedings of 
American Philosophical Society, vol. xxvi, No. 129.)—This is the 
carefully edited publication of the diary (in French) of our most 
assiduous botanical explorer. Professor C. 8S. Sargent has fur- 
nished critical notes and an abstract of the biography of Michaux, 
thus enabling the reader to follow intelligently the daily life of 
a botanist of the last century. The diary demanded in its print- 
ing very great care, and this it appears to have received through- 
out. G. L. G. 

12, Annals of Botany. London, 1889.—This valuable journal 
is now in its third volume and. has gained for itself an assured 
position among first-class scientific periodicals. It is pleasant to 
note that some of the important contributions have come from 
this country, mainly from the laboratory conducted by one of the 
editors, Professor Farlow. The price of the journal has been ad- 
vanced to thirty shillings. G. L. G. 

13. Herbarium of the late Rev. Dr. Joseph Blake.—This large 
collection, representing the fruits of a life-long interest in botany, 
and containing specimens from nearly all the American botanists 
who have been in active exchange during the last fifty years, is 
now offered for sale. The herbarium is in good condition, and 
comprises, besides the plants referred to above, a considerable 
number of species beyond our own limits. Information regarding 
the collection may be obtained from Mrs. Joseph Blake, Andover, 
Mass. G. L. G. 

14. Outlines of Lessons in Botany. Part I. From seed to 
leaf’; by Jang H. Newe Boston, 1889. Small 8vo, pp. 140. 
—Miss Newell’s large experience in the teaching of young chil- 
dren has enabled her to prepare an exceedingly useful book. The 
questions are well chosen and sharply put. G. L. G. 
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1. A deep-sea depression in the Pacific near Tongatabu.—In a 

“ List of Oceanic Depths” published by the British Hydrographic 
Department, bearing the date of February, 1889, for a copy of 
which we are indebted to the Department, soundings of 4295 and 
4428 fathoms are reported to the southeast of Tongatabu, the 
southern and the largest of the Tonga or Friendly Islands. The 
soundings were made by H. M. Ship Egeria, under Captain Pel- 
ham Aldrich, in the course of a line of soundings from New Zea- 
land to the islands, and they were repeated around the depression 
so as to make a complete investigation of the area. The depths 
obtained about the area are the following: 

Lat. Long. Depth in fms. Lat. Long. Depth in fms. 

24°27 176° 15’ 530 2 174° 07’ 2889 

24 18 2030 24 49 173 56 3036 

24 26 5 2449 24 3) 175 08 4428 

24 49 4295 24 26 175 10 900 + 

24 59 3110 175 16 3692 

24 55 2990 2% 175 38 941 

24 44 3006 23 1: 175 40 596 


The depths appear to indicate a crater-like depression. Its 
position with reference to Tongatabu is very much like that south 
of the Ladrones with reference to Guam, the largest and most 
southern island of that group. J. D. D. 

2. Lists of Dredging Stations in North American waters, 
from 1867 to 1887, by SanpERsON Smiru. 144 pp. 8vo. From 
the Report of the Fish Commission.—Mr. Smith has prepared 
these tabulated lists of deep-sea soundings on the North Ameri- 
can side of the Atlantic with great labor and care. The sound- 
ings of the U. 8. Fish Commission, the Fish Hawk, Albatross, 
Challenger Expedition, Travailleur, Talisman, Washington, and 
of other vessels or expeditions, Norwegian and British, are all 
here registered, with the necessary precision as to time of obser- 
vation and geographical position; and, besides, the routes and 
locations are exhibited on a number of accompanying folded 
charts. 

8. National Academy of Sciences.—At the meeting of the 
Academy held in Washington, April 16-19, Professor O. C. 
Marsh was re-elected President, and the following new members 
were elected: Professor Boss, of Dudley Observatory, Albany, 
Professor Sereno Watson, of Cambridge, Professor C. 8. Hastings, 
Yale University, Professor C. A. White, U. S. Geological Survey, 
and Professor Michel, of Tufts College. The following papers 
were accepted for reading : 


D. P. Topp: Composite coronography. 

W. A. Rogers: Additional experimental proof that the relative coefficient of 
expansion between Baily’s metal and steel is constant between 0° and 95° F. 

Wo.cott Gisps and Hopart Hare: Method and results of a systematic 
study of the action cf definitely related chemical compounds upon animals. 

C. S. Perce: Seasations of color.—Determinations of gravity. 
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1. D. Cope: Pliocene Vertebrate Fauna of Western North America.—North 

Proboscidia. 

A. HAL, Jr., The mass of Saturn. 

Ira REMSEN: Nature and composition of double halides.—Rate of reduction of 
nitro-compounds.—Connection between taste and chemical composition. 

T. C. MENDENHALL: Recent researches in atmospheric electricity. 

A. A. MICHELSON: Measurement by light waves. 

A. A, MICHELSON and E. W. Morey: Feasibility of the establishment of a 
light-wave as the ultimate standard of length. 

S. C. CHANDLER: The general laws pertaining to stellar variation. 

C. H. F. Peters: Review of the trivial names in Piazzi’s star catalogue. 

J. S. NEWBERRY: Cretaceous flora of North America. 

CLEVELAND ABBE: Terrestrial magnetism. 

Romyn Hitcucock: Spectrum photography in the ultra-violet. 

W. K. Brooks: North American Pelagide.-—Development of Crustacea. 

C. D. Watcort: The plane of demarcation between the Cambrian and pre- 
Cambrian rocks. 

D. P. Topp: Report of the American Eclipse Expedition to Japan, 1887. 


4. Proceedings of the U. 8. National Museum. Vol. X, 1887. 
Published under the direction of the Smithsonian Institution. 
772 pp. 8vo, with 39 plates.—This volume is made up of orig- 
inal contributions to Zodlogy and Botany, partly paleontological, 
and mostly describing new species. The chief contributors are 
R. Ridgway, L. Stejneger, J. B. Smith, R. Rathbun, J. McNeill, 
T. H. Bean, C. H. Bollmann, C. H. Gilbert, E. D. "Cope, D.S. 
Jordan, G. N. Lawrence, L. ’Lesquereux, T. Gill, C. H. Eigen- 
mann, F. W. True, R. E. Call, E. Linton, C. H. Townsend, O. P. 
Hay, and E. G. Hughes. It contains also an account of an Ar- 
kansas meteorite, by 8S. F. Kunz, with a plate. 

5. Examination of Water for sanitary and technical pur- 
poses, by Dr. H. Lerrman and Wm. Bram. 106 pp.12mo. 1889. 
Philadelphia (Blakiston, Son & Co.).—This little volume gives 
the chemical methods for testing mineral and other waters es- 
pecially with reference to those ingredients that have a sanitary 
bearing, and also other facts and information on the subject. 


The Geological Record for 1880-1884 inclusive. A list of publications on Geol- 
ogy, Mineralogy and Palzontology published during those years, together with 
certain references omitted from previous volumes; edited by Ww. TOopLey, 
F.R.S., F.G.S., and CHARLES DAVIES SHERBORN, F.G.S. Vol. 1. Stratigraphical 
and Descriptive Geology. 544 pp. 8vo. London, 1888 (Taylor & Francis).—A 
work of great value to students in Geology, although only a catalogue. The six 
preceding volumes covered the years 1874 to 1879 inclusive, and were by Mr. W. 
Whitaker, excepting that for 1878, which was by Whitaker and W. H. Dalton. 
Price of each, 16s., excepting for that for 1874, 15s. 

Bulletin from the Laboratories of Natural History of the State University of 
Iowa, Iowa City, Iowa, vol. i, No. 1, contains valuable geological papers by Prof. 
8. Calvin; on the Saprophytic Fungi of Eastern Iowa by T. H. McBride; and on 
the Mollusks of eastern [owa by B. Shimek, besides other papers. 

University Studies, published by the University of Nebraska, at Lincoln. This 
quarterly publication, No. 2 of which was published in October, 1888, contains, 
besides literary and linguistic papers, a memoir on the conversion of some of the 
homologues of benzol-phenol into primary and secondary amines, by Rachel Lloyd. 

Preliminary Report of the Dakota School of Mines upon the Geology of the 
Black Hills. 171 pp. 8vo. Rapid City, 1888, 

A Bibliography of Indian Geology: compiled by R. D. Oldham, Deputy Super- 
intendent Geol. Survey of India. 145 pp. roy. 8vo. Calcutta, 1888. 
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OBITUARY. 


Miss Annre E, Law was born in Carlisle, England. She was 
the eldest of three children of John Law, whose brother was 
governor of the Island of Malta. Her father with his family 
emigrated to Tennessee about the year 1851, settling near Marys- 
ville, where her parents and brother are buried. She remained 
at various points in eastern Tennessee until about 1874, when she 
moved to Hollister, California, and thence to Watsonville, where 
she remained with her sister, Mrs. Andrews, in impaired health, 
until Jan. 12th, 1889, when she passed away, endeared to all 
with whom she came in contact. Her rare intellect, combined 
with her wonderful musical talent, made her the center of a large 
and cultivated society, while as a writer she occupied a high 
position, her poems being remarkable for their pathos and sweet- 
ness. While Miss Law will be long and widely missed by those 
acquainted with her socially, there is a much larger circle who 
will ever honor her name as that of one of the most devoted 
conchologists we have ever known. She described no species 
and wrote no articles on the subject, but she contributed none 
the less to the advancement of science by collecting material for 
the publications of others. She was a most generous correspond- 
ent, distributing lavishly the many novelties she collected in the 
mountains of Tennessee and North Carolina. She first drew 
attention to the richness of those localities which have since 
proved almost a new fauna in land mollusks, gollecting eleven 
species and one genus new to science. As an instance of her 
enthusiasm, the writer may mention that when he urgently begged 
her to obtain for him the living animal which had formed the 
shell of the so-called Vitrina latissima in order to verify its 
generic position, she undertook a perilous wagon journey of 
several weeks over mountain roads, camping out at nights; she 
reached Black Bald Mountain, and found numerous specimens, 
which enabled the writer from its external and anatomical char- 
acters to déscribe the remarkable genus. W. G. B. 

Dr. Hetvricu von Decuen, the eminent geologist of Germany, 
died at Bonn on February 15, having nearly reached his 90th 
birthday. 

Professor GiusrrPE Mrnreuint, of the University of Pisa, and 
Senator of the kingdom, the author of works and memoirs on 
zoology and geology, died on the 29th of January, 1889, at the 
age of 78. 

Turopor Ksxrutr, one of the best and most active of Nor- 
wegian geologists, died on the 26th of October, 1888. 

oun Ericsson, physicist and mechanician, and one of the 
most remarkable men of the century, died in New York, on the 
8th of March. He was born in Wermland, Sweden, on the 31st 
of July, 1803. 
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Associate Editor. Quarterly. 4to. Volume XI in progress. $5 per 
volume. 

American Chemical Journal.—I. Remsen, Editor. 8 Nos. yearly. 8vo. 
Volume XI in progress. $4 per volume. 

American Journal of Philology.—B. L. GILDERSLEEVE, Editor. Quar- 
terly. 8vo. Volume IX in progress. $3 per volume. 

Studies from the Biological Laboratory.—Including the Chesapeake 
Zodlogical Laboratory. H. N. Martin, Editor, and W. K. Brooks, Asso- 
ciate Editor. 8vo. Volume IV in progress. $5 per volume. 

Studies in Historical and Political Science.—H. B. ApAms, Editor. 
Monthly. 8vo. Volume VII in progress. $3 per volume. 

Johns Hopkins University Circulars.—Containing reports of scientitic 
and literary work in progress in Baltimore. 4to. Vol. VIII in progress. 
$1 per year. 

Annual Report.—Presented by the President to the Board of Trustees 
reviewing the operations of the University during the past academic year. 
Annual Register.—Giving the list of officers and students, and stating 
the regulations, ete., of the University. Published at the close of the Aca- 


demic year. 


BECKER BROTHERS, 
No. 6 Murray Street, New York, 


Manufacturers of Balances and Weights of Precision for Chem- 
ists, Assayers, Jewelers, Druggists, and in general for every use 


where accuracy is required. 


AMERICAN JOURNAL OF SCIENCE. 
FOUNDED BY PROFESSOR SILLIMAN IN 1818, 


Devoted to Chemistry, Physics, Geology, Physical Geography. Mineralogy, 
Natural History, Astronomy, and Meteorology. 
Epirors: JAMES D. DANA and Epwarp 8S. DANA. 


Associate Editors: J. P. Cooke, Jk., GEORGE L. GOODALE, and Joun TROw- 
BRIDGE, of Cambridge, H. A. NEwTon and A. EF. VERRILL, of Yale, and G. F. 
BARKER, of the University of Pennsylvania, Philadelphia. 

Two volumes of 480 pages each, published annually in MONTHLY NUMBERS, 

This Journal ended its jirst series of 50 volumes as a quarterly in 1845, and its 
second series of 50 volumes as a two-monthly in 1870. The monthly series com- 
menced in 1871. 

Twenty copies of each original communication are, if requested, struck off for 
the author without charge; and more at the author’s expense, provided the num- 
ber of copies desired is stated on the manuscript or communicated to the printers 
of the Journal. 

The title of communications and the names of authors must be fully given. 
Articles should be sent in two months before the time of issuing the number for 
which they are intended. Notice is always to be given when communications 
offered, have been, or are to be, published also in other Journals. 

Subscription price $6; 50 cents a number. A few sets on sale of the first 
and second series. 

Address the PROPRIETORS, 


J. D. and E. 8. DANA, New Haven, Conn. 


Arr. XX XVI.—The Electrical 
by Carn. Barus 
XXXVII.—Formation of Silic 
of Thermal Springs; by rER | 
XXXVIII.—Marine Shells and Fraements 
Till near Boston; by Warren Upuam 
XX XIX.—A Platinif rows Nickel Ore from Cana 
W. CLarRKE and CHartes CATLET! 
XL.—Stratigraphic Position of the Olenellus Fauna in North 
America and Europe; by Cuas. D. Watcort 
XLI.—Earthquakes in California; by Epwarp S. 


XLITI.—Chemical Action between Solids : by Hattock 


INTELLIGENCE. 

Chemistry and Physi: l \ l 
Experiment for showing R t’s } lar depression of the Freezing 

CIMICIAN, 406.—Chydraz r Protoxide of Ammonia, MAUMENE, 407.- 
Stannic Acid, SPRING tthyl Flu ISSA ( -Chemical Lecture Not 
P. T. AUSTEN: Element Text-Bool themist1 M13 I 
Electric Force, Hertz plan 
charge of a Leyden jar, 0. LopGr, 409.—Limit to Interference 
radiated from moving Molecul EBERT, RAYLEIGH: Selecti 
Metals, 410. 


tive 


Geoloyy and Minerale ~ ri t irb« 
Fauna of Rhode Island. A PACKARD nnual Report of th 
vey of Arkansas for 1888, JJ >RANNER, 411 Cretaceous and Tertiary Ge 
ogy of the Sergipe-Alagéas basin of Brazil, J. C. BRANNER: Tertiary Voleano 
of the Western Isles of tland, J. W. Jupp. 415 Nummulites up the Indu 

valley at a height of 19,000 i, D ‘OUCHE: Sand-drift rock-sculpture 

R. D. OLDHAM: Catalogue of Fossil Cephalopoda he British Museum, A. H. 

Foorp: Nature and Origin of Deposit osphate of Lime, R. A. F. PEn- 

ROSE, JR., 413.—Fulgurites of ‘iso, F. R : Scheelite from Idaho, W 

P. BLAKE: Hilfstabellen zu mikroskopiscl en Mineralbest Inmung in Gesteinen 

zusammengestellt von H. Rosensuscu: Les Minéraux des Roches par LEvy 

and Lacroix, 414. 


Geological 


Botany.—Contributions to American Botany, XVI, SeRENO Watson, 415.- Key 
to the System of Victorian ! F. VON MUELLER, 416.—Revision of 
North American Umbelliferee, J. M. Counter and J. N. Rose: Flora Italian: 
CaRUEL: Diagnoses plantarum novarum asiaticarum, C. J. MAXIMOWICZ: 
Orchids of the Cape Peninsula, H. Botvs, 417.—Handbook of the Amaryllidea, 
J. G. BAKER: Synoptical List of North American Species of Ceanothus, W 
TRELEASE and C. C. Parry, 418.—Multiplication of Bryophyllum calycinum 
B. W. Barton: Enumeratio Plantarum Guatemalensium imprimis a H 
DeTuerckheim, J. D. Sarita: Journal of André Michaux: Annals of Botany 
Herbarium of the late Rev. Dr. Joseph Blake: Outlines of Lessons in Botany 
J H. NEWELL, 419. 

Miscellaneous Scientific Intelligence.—Dex p-sea depressiqn in the Pacific near Ton- 
gatabu: Dredging Stations in North American Waters, S. SmiTH: * National 
Academy of Sciences, 420.—Proceedings of the U.S. National Museum: Exami- 
nation of Water for sanitary and technical purposes, H. LEFFMAN and W. Bream 
421. 

Obituary.— ANNIE E. Law: HEINRICH’ VON DECHEN: GIUSEPPE MENEGHINI 
THEODOR KJERULF: JOHN Ericsson, 422. 


| 
| ON ‘| i 
E 
| | 
| 
| 
| 
| 


